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(54) NITRIDE SEMICONDUCTOR DEVICE 

(57) A nitride semiconductor device including a light 
emitting device comprises a n-type region of one or 
more nitride semiconductor layers having n-type con- 
ductivity, a p'type region of one or more nitride semicon- 
ductor layers having p-type conductivity and an active 
layer between the n-type region and the p-type region. 
In such devices, there is provided with a super lattice 
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layer comprising first layers and second layers which 
are nitride semiconductors having a different composi- 
tion respectively. The super lattice structure makes 
working current and voltage of the device lowered, 
resulting in realization of more efficient devices. 
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Description 

Technical field of the Invention 

[0001 1 This invention relates to a device provided with a nitride semiconductor In^AlyOavx-yN (0=x. 0-y. x+y*1 ) 
including light emitting devices such as LED (light emitting diode). LD (laser diode) and SLD (super >r J^fi 
solar cells, light receiving devices such, as optical sensors and electronic devices such as transistore and power 
devices. 

Background of the Invention 

[0002] Nitride semiconductors have been recently produced as materials used for a high bright blue LED and a 
pure green LED, a full color LED display and a traffic signal LED. Such LEDs are provided with an active layer of SOW 
(Single CSuantum Well) or MQW (IWIultl Quantum WeH) where the well layer is made of InQaN and positioned between 
a p-type nitride layer and an n-type nitride layer to form a DH (Double Hetero) structure. The wavelength of the blue or 
green light emitting from the active layer depends on a ratio of In in the InQaN well layer. .... , 

[0003] The inventas have first realized laser emitting by using the above nitride materials and reported it in Jpn, J. 
Appl. Phys. 35(1996)L74 and Jpn. J. Appl. Phys. 35(1996)L217. The laser device comprises the DH structure where 
the active layer is MQW having InQaN well layers and showed the following data: 

Threshold cun'ent: 610mA; 
Threshold current density: 8.7kA/m2; 
Wavelength: 410 nm 
(pulse width 2 ^m and pulse cyde 2m8) 

[0004] Tbe inventors have further improved the laser device and reported it in Appl. Phys. Lett. 69(1996)1477. The 
laser de>/ice comprises a ridge strip structure formed on a part of p-type nitride semiconductor and showed the following 
data. 

Threshold current: 187mA; 
Threshold cuffent density: 3kA/m2; 
Wavelength: 410 nm 

(pulse width 2 \im, pulse cyde 2m8 and duty ratio: 0.1%) 

[0006] The inventors have f Iret succeeded in CW (Continuous-Wave) Oscillation or Operation at room temperature 
and reported it in Gijutsu-Sokuho of NIKkei Electronics issued on Dec. 2. 1996. Appl. Phys. 69(1996) and Appl. 
Phys. Lett. 69(1996)4056. ^ ^ ^.u. 

[0006] The laser diode showed a lifetime of 27 hours at 20''C under the threshold current density of 3.6 ka/cm*. the 
thresholdvoltageof 5.5 V and the output of 1.5 mW. . ^ ^ ^ 

[0007] On the other hand, the blue and green LED of nitrides showed a fonward curent (If) of 20 mA and a fonward 
voltage (Vf) of 3 4 to 3.6 V which are higher by 2 V or more than those of red LEDs made of GaAIAs semiconductors. 
Therefore, further decrease of Vf in the blue and green LED was required. Additionally, there was required an effective 
LD whteh can decrease the threshold cun-ent and voltage to get a longer lifetime of CW operation at room temperature, 
because the conventional LD still had a higher threshold current and voltage. 

[0008] Ttie inventors have gotten the idea that technology of decreasing the threshold in LDs was applicable to 
LEDs in order to decrease the Vf. Therefore, a first object of the present invention is to decrease the threshoW current 
and voltage of nitride semiconductor LDs and realize a longer lifetime of CW operation. 

[0009] In the specification, it should be understood that the general fomiulae: InxQai -xN and AlyC3ai.yN show chem- 
ical atoms which compose of nitride layers and therefbre, even if different layers are represented by the same formula, 
the different layers do not necessarily have the same composition, that is. the same x or y does not mean the same 
ratia 

Disclosure of the Invention 

1001 0] According to a first aspect of the present invention, there is provided a nitride semfeonductor device com- 
prising a p-type semiconductor region (p-type region) comprising one or more nitride semiconductor layers and an 
active layer of a nitride semiconductor wWch operates in a predetermined manner when the carrier is injected via said 
p-type semiconductor region, wherein at least one nitride semiconductor layer of said p^ype semiconductor region is a 
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super lattice layer comprising first and second nitride layers, said first nitride layers having different composition from 
those of said second nitride layers and each of said first layers and each of said second nitride layers being laminated 
alternately 

[001 1 J The super lattice structure can mal^e the nitride layers Improved in crystallinity and then make the nitnde lay- 
ers decreased in resistivity, resulting in smaller resistance of the p-type region and higher power efficiency of the device. 
[0012] In the present invention, the p-type region means a region comprising one or more nitride semiconductor 
layers between an active layer and a p-electrode while the n-type region means a region comprising one or more nitride 
semiconductor layers between the active layer and an n-electrode. 

[001 3] According to a second aspect of the present invention, there is provided a nitride semiconductor device hav- 
ing an active layer made of a nitride semiconductor between the n-type region of one or more nitride semiconductor lay- 
ers and the p-type region of one or more nitride semiconductor layers, at least one semiconductor layer in the p-type 
region or the n-type region is a super lattice layer made by laminating first layers and second layers which are made of 
nitride semiconductor, respectively, and have different constitutions from each other. 

[001 41 The super lattice structure can make the nitrWe layers improved in crystallinity and then make the nitride lay- 
ers decreased in resistivity, resulting in smaller resistance of the n-type region and higher power efficiency of the device. 
[001 5] In a preferred embodiment of the first and second nitride semiconductor devices . the super lattice layer is 
made by laminating first layers which is made of a nitride semiconductor and has a thickness of not more than 1 00 ang- 
stroms and second layers which is made of a nitride semiconductor having different constitutions from the first layer and 
has a thickness of not more than1 00 angstroms. . ^ w 

[001 6] In order to keep or confine carriers in the active layer, at least one of the first and second layers is preferably 
made of a nitride semiconductor containing Al. especially MyOa^^yN (0<Y ^1). 

[00171 In a second prefen-ed embodiment of the first and second nitride semiconductor devices, for the super lat- 
tice, the first layer is preferably made of a nitride semiconductor represented by the formula InxGai.xN (O^Xsi) and the 
second layer is preferably made of a nitride semiconductor represented by the formula AlyQai-vN (0<Y^1, X-Y^tO). 
According to the second embodiment, all the nitride layers have a good crystallinity. which results in improving output 
of the nitride semiconductor device (improvement of power efficiency). In LED or LD devices, the forward voltage (here- 
inafter referred to Vf) and also the threshoW current and voltage can be lowered. In order to form a nitride layer having 
better crystallinity in the first and second semiconductor device, it is further recommendable that first layers of the super 
lattice structure are made of a nitride semiconductor represented by the formula InxQai-xN (0^X<1) and said second 
layer is made of a nitride semiconductor represented by the formula AlyGa^YN (0<Y<1), 

[001 8] In the ^ve first and second semiconductor devices, it is preferable that the first layer and the second layer 
are made of a nitride semiconductor and have a thtekness of not more than 70, especially 40 angstroms, respectively, 
while said first layer and said second layer have a thickness of not less than 10. especially 5 angstroms, respectively 
The thickness within the above range makes it easy to form AUGai-yN (0<Ysi). which layer is othenwise difficult to be 
formed with a good crystallinity. Especially, in case that the super lattice layer can be made as at least one layer of the 
p-type region between the p-electrode and the active layer and also as at least one layer of the n-type semiconductor 
region between the n-contact layer for current charging and the active layer, it is recommendable to get better effect that 
thickness of the first and second layer should be set within the above range. 

[001 9] In the above embodiment of the first and second nitride semiconductor devices, the p-type region is prefer- 
ably provided with a p-side contact layer having a thickness of not more than 500 angstroms, on which the p-electrode 
is to be formed. More preferably, the p-side contact layer has a thickness of not more than 300 angstroms and not less 
thanIO angstroms. . . . 

[0020] In the second nitride semiconductor device of the present invention, wherein the p-type region is provided 
with a p-sKJe contact layer on which the p-electrode is to be formed, the super lattice layer is preferably formed between 
the active layer and the p-side contact layer. 

[0021 ] Further, in the second nitride semiconductor device of the present invention, the n-type region may compnse 
a second buffer layer made of a nitride semiconductor which has a thickness of not less than 0.1 ^m via a first buffer 
layer on the substrate, an n-sWe contact layer made of a nitride semiconductor doped with an n-type impurity on said 
second buffer layer, and an n-electrode being formed on the n-side contact layer. This construction makes the n-side 
contact layer have higher carrier concentration and good crystallinity In order to make the n-side contact layer have 
much better crystallinity. it Is preferable that the concentration of the impurity in second buffer layer is lower than that in 
said n-skie contact layer. Further, it is preferable that at least one of the first and second buffer layers is a super lattice 
layer made by laminating nitride semiconductor layers of different constrtultons with a thickness of not more than 100 
angstroms in order to make a nitride layer formed on the buffer layer and have a good crystallinity. 
[0022] In the second nitride semiconductor device, wherein the n-type region has a n-side contact layer on which a 
n-electrode is to be formed, the super lattice layer is preferably formed between the active layer and the n-side contact 
layer. In the LD device, the layer formed between the active layer and the n-side contact layer or between the active 
layer and the p-side contact layer may be a cladding layer acting as a earner keeping layer or a light guide layer, which 
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is preferably made of the super lattice structure. Thereby, the super lattice structure can remarkably decrease the 
threshold current and voltage. Especially, If the p-cladding layer between the active layer and the p-side contact layer, 
the p-claddlng layer of the super lattice structure is advantageous to lower the threshold current and voltage. In the sec- 
ond nitride semiconductor device of the present invention, it Is preferable that at least one of said first layer and said 
second layer is doped with an impurity which makes the conductivity of the layer n-type or p-type and the impurity con^ 
centration doped to the first layer and the second layer to make the conductivity of the layers n-type or p-type. are dif- 
ferent from each other. The impurity for making the conductivity of the layer includes n-impurities belonging to IV-A. IV- 
B. Vl-A and Vl-B groups and p-impurities belonging to l-A, l-B, ll-A. Il-B groups (hereinafter refen-ed to n-lmpurity and 
p-impurity). 

[0023] In the second nitride semiconductor device of the present invention, the super lattice layer may be formed 
as the n-side contact layer on which the n-electrode is to be fbrmed, whereby the resistance of n-slde contact layer can 
be lowered, resulting In further decreasing of the threshold curent and voltage in LD devices. 
[0024] In the LD devices provided with the first or second nitride semiconductor device of the present invention, if 
the laser device has a super lattice layer in the p-type region, a ridge portion may be formed on the supper lattice layer 
and on the layer located over said super lattice layer in a manner that the longitudinal direction of the ridge portion coin- 
cides with the direction of resonance and the ridge has a predetermined width. 

[0025] In a preferred first laser diode of the present invention, which comprises an active layer in which laser is emit- 
ted between the n-type region including a n-side cladding layer and the p-type region including a p-side cladding layer, 
the n-side cladding layer may be a super lattice layer made by laminating first layers made of a nitride semiconductor 
having a thickness of not more than 100 angstroms and second layers made of a nitride semiconductor of a different 
constitution from the first layer and having a thickness of not more than 100 angstroms, and said p-side cladding layer 
may be a super lattice layer made by laminating a third layer made of a nitride semiconductor having a thickness of not 
more than 100 angstroms and a fourth layer made of a nitride semiconductor of a different constitution from the third 
layer and having a thickness of not more than 100 angstroms. Due to this, during laser emission the threshold cunrent 
and voltage can be lowered. In this case, the ridge portion may be formed on said p-side cladding layer and on the layer 
located over said p-side cladding layer in a manner that the longitudinal direction of the ridge coincidences with the 
direction of resonance and the ridge has a desired wkith. 

[0026] According to a third aspect of the present invention, there is provided a third nitride semiconductor device 
which comprises an active layer made of a nitride semiconductor between a n-type region of one or more nitride sem- 
iconductor layers and a p-type region of one or more nitride semiconductor layers, wherein at least one nitride semicon- 
ductor layer in the n-type region is a n-skJe super lattice made by laminating first and second nitride semiconductor 
layers which have different constitutions and different concentrations of a n-type impurity from each other. Due to this 
construction, the nitride semiconductor layer made of the super lattice structure makes the electrteal resistance thereof 
smaller and thus the total resistance of the n-type region can be smaller. 

[0027] According to a fourth aspect of the present invention, there is provided a nitride semiconductor device com- 
prising an active layer made of a nitride semiconductor between the n-type region of one or more nitride semiconductor 
layers and the p-type region of one or more nitride semiconductor layers, characterized in that at least one nitrkJe sem- 
iconductor layer in the p-type region is a p-side super lattice made by laminating third and fourth nitride semiconductor 
layers which have different constitutions and different concentrations of a p-type inrpurlty from each other. The super 
lattice structure can make the nitride semiconductor layer comprising the super lattice structure have a lower resistance 
and then total resistance of the p-type region can be decreased. 

[0028] Please note that the first and second and the third and fourth of layers does not mean the laminating order 
In the specification. . 
[0029] According to a fifth aspect of the present invention, there is provided a nitrWe semiconductor device com- 
prising an active layer made of a nitride semiconductor between the n-type region of one or more nitride semiconductor 
layers and the p-type semiconductor region of one or more nitride semiconductor layers, characterized in that at least 
one nitride semiconductor layer in the n-type region is a n-side super lattice made by laminating the first and second 
nitrkJe semiconductor layers which have different constitutions and different concentrations of a n-type impurity from 
each other, and at least one nitride semiconductor layer in p-type region is a p-slde super lattice made by laminating 
the third and fourth nitrkle semiconductor layers which have different constitutions and different concentrations of a p- 
type impurity from each other. The super lattice structure can make the resistance of the nitride semiconductor com- 
prising super lattk;e structure smaller and thus total resistance of the p-type region can be decreased. 
[0030] In a case that the third and fifth semiconductor devices are devices of optoelectronics such as light emitting 
devices and light receiving devices, the n-side super lattice layer may be formed as at least one of the group consisting 
of a buffer layer formed on the substrate, a n-side contact layer for n-electrode. n-side cladding layer for confining or 
keeping carriers and n-side light guide layer for guiding emission from the active layer. On the other hand, in the fourth 
and f ifth semiconductor device, the p-side super lattice layer maybe formed as at least one selected from the group con- 
sisting of the p-side contact layer, the p-skJe cladding layer for confining carriers and the p-side wave guide layer for 
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guiding emission from the active layer 

[0031 ] In the third and fifth semiconductor devices of the present invention, tor the n-side super lattice layer, the first 
nitride semiconductor layer having a higher band gap may have a larger or smaller concentration of the n-type impurity 
than the second nitride semiconductor layer having a lower band gap. The larger impurity concentration of the first layer 
than that of the second layer makes carrier generate in the first layer having a higher band gap and then the carrier 
Injected into the second layer having a lower band gap to move the carrier through the second layer having a smaller 
impurity concentration and a larger mobility. Therefore, this construction makes the n-side super lattice layer decreased 
in electrical resistance. 

[0032] In a case that the Impurity concentration of the first layer is relatively larger than that of the second layer , the 
first layer of the super lattice layer in the first semiconductor device may decrease the n or p-impurity concentration at 
a part close to the second layer comparing with that at a part remote from the second layer, which prevents the easier 
moving through the second layer from scattering by the impurity at the part close to the second layer, resulting in 
increase of mobility of the second layer and thus lowering of the resistance of the super lattice layer. 
[0033] In the embodiment of the third and fifth nitride semiconductor devices, if the n-impurity concentration In the 
first layer having a higher band gap becomes larger, it is preferable that the n-impurity concentration in the first layer 
ranges between 1 x 1 ^/cm^ and 1 x 1 0^O/cm^ and the n-impurity concentration in the second layer is smaller than that 
of the first layer and not more than 1 x 10^^/cm^. The n-impurity concentration in the second layer having a smaller band 
gap is preferably not more than 1 x 10^®/cm^, more preferably not more than 1 x lO^^/cm'^. From the aspect of increas- 
ing the mobility of the second layer, a smaller n-impurlty concentration is better and an undoped layer or intentionally 
not doped layer is most preferable. 

[0034] If the impurity concentration of the first layer is smaller than that of the second layer, it is preferable that the 
n-impurity concentration of the second layer is smaller at a part close to the first layer than that at a part remote from 
the first layer. For example, it is preferable that the n-impurity concentration in the first layer Is not more than 1 x 
lO^^/cm^ and the n-impurity in the second layer ranges between 1 x lO^'^/cm^ and 1 x lO^^cm^. The n-impurity con- 
centration in the first layer having a smaller band gap is preferably not more than 1 x 10''®/cm^, more preferably not 
more than 1 x 10^ ^/cm^. The most preferable first layer is an undoped layer or intentionally not doped layer. 
[0035] In order to form an n-side super lattice layer having a good crystallinity in the third and fifth semiconductor 
device, the first nitride semiconductor layer may be made of AlyGai^YN (0<Y<1) capable of forming a relatively higher 
band gap layer having a good aystallinity and the second nitride semiconductor layer may be made of InxQai-xN 
{0^X<1) capable of forming a relatively smaller band gap layer having a good crystallinity. 

The best second layer of the super lattice layer in the third and fifth semiconductor devices, is a GaN layer. This con- 
struction is advantageous in manufacturing the super lattice layer because the same atmosphere can be used to form 
the first layer (AlyGa^YN) and the second layer (GaN). 

[0036] In the third and fifth nitride semiconductor devices, the first nitride semiconductor layer may be made of 
AlxGai.xN (0<X<1) and the second nitride semiconductor layer may be made of AlyQai-YN (0<Y<1 , X>Y). In this case, 
further, the first nitride semiconductor layer or said second nitride semiconductor layer is preferably not doped with a n- 
type impurity 

[0037] In the fourth and fifth semiconductor devices of the present invention, for the p-side super lattice layer, the 
thircl nitride semiconductor layer having a higher band gap may have a larger or smaller concentration of the p-type 
impurity than that of the fourth nitride semiconductor layer having a smaller band gap. The larger impurity concentration 
of the third layer than that of the fourth layer makes carriers generate in the third layer having a higher band gap, and 
the earners injected into the fourth layer having a smaller band gap to move the Injected carriers through the fourth layer 
having a smaller Impurity concentration and a larger mobility, resulting in decreasing the super lattice resistance. 
[0038] Further, in the fourth and fifth semiconductor devices of the present invention, it is preferable that a part of 
the third nitride semiconductor layer which is close to the fourth nitride semiconductor layer has a lower concentration 
of the p-type Impurity than a part remote or farther from the fourth nitride semiconductor layer, which prevents the car- 
rier moving through the fourth layer from scattering by the impurity at the part close to the fourth layer, resulting in 
increase of mobility of the fourth layer and thus further lowering off the resistance of the super lattice layer. 
[0039] In the embodiment of the fourth and fifth nitride semiconductor devices, if the n-impurity concentration in the 
third layer becomes larger than that in the fourth layer, it is preferable that the n-impurity concentration In the third layer 
having a larger band gap ranges between 1 x lO^^/cm^ and 1 x lO^Vcm^ and the p-impurity concentration in the fourth 
layer is smaller than that of the third layer and not more than 1 x lO^O/cm^. The p-impurity concentration in the fourth 
layer having a smaller band gap is preferably not more than 1 x 10^®/cm^. more preferably not more than 1 x lo^^/cm . 
From the aspect of increasing the mobility of the second layer, a smaller n-impurity concentration is better and an 
undoped layer or Intentionally not doped layer is most preferable. 

[0040] In the fourth and f ifth nitride semiconductor, if the impurity concentration of the third layer is smaller than that 
of the fourth layer, it is preferable that the p-inrnxirity concentratton of the fourth layer is smaller at a part close to the 
third layer than that at a part remote from the third layer. For example, it is preferable that the p-lmpurity concentration 
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in the f iret layer is not more than 1 x 1 0^O/cm^ and the n-impurlty in the second layer ranges between 1x10 /cm and 
1 X lO^Vcm^. The n-impurity concentration in the third layer having a smaller band gap is preferably not more than 1 x 
10^^/cm^ more preferably not more than 1 x 10^®/cm^. The most preferable first layer Is an undoped layer or intention- 
ally not doped layer. 

[0041] In order to form a super lattice layer having a good crystallinlty in the fourth and fifth semiconductor device, 
the third nitride semiconductor layer may be made of AlyGai-vN (0<Y<1) capable of forming a relatively higher band 
gap layer having a good crystallinlty and the fourth nitride semiconductor layer may be made of lnxGai-xN (0^X<1). 
The best fourth layer of the super lattice layer in the third and fifth semiconductor devices, is a GaN layer. This conslruc- 
tton is advantageous In manufacturing the super lattice layer because the same atmosphere can be used to form the 
third layer (AlyGai .yU) and the fourth layer (QaN). 

[0042] In the fourth and fifth nitride semiconductor devices, the third nitride semiconductor layer may be made of 
AlxGai-xN (0<X<1) and the fourth nitride semiconductor layer may be made of AlyQai.YN (0<Y<1 . X>Y). In this case, 
further, the thircl nitride semiconductor layer or the fourth second nitride semiconductor layer Is preferably not doped 
with a n-type irrpurity. ^ . ^ , 

10043] In the fifth nitride semiconductor, for the n-side super lattice layer, the first nitride semiconductor layer may 
be provided with a higher band gap energy and a larger concentration of the n-type impurity than the second nitride 
semiconductor layer, and for the p-side super lattice layer, the third nitride semiconductor layer may be provided with a 
higher band gap energy and a larger concentration of the p-type impurity than the fourth nitride semiconductor layer. In 
this case, it is preferable that the concentration of the n-type Impurity In the first nitride semiconductor layer ranges 
between 1x10^ '^/cm^ and 1 x 1 0^O/cm^ and the concentration of the n-type impurity in the second nitride semiconduc- 
tor layer is not more than 1 x lO^^/cm^. and the concentration of the p-type impurity in the third nitride semiconductor 
layer ranges between 1 x lO^^/cm^ and 1 x lO^Vcm^ and the concentration of the p-type impurity in the fourth nitride 
semiconductor layer is not more than 1 x 1020/cm3 

[0044] Further, In the fifth nitride semiconductor device, for the n-slde super lattice layer, the first nitride semicon- 
ductor layer may be provided with a higher band gap energy and a larger concentration of the n-type impurity than said 
second nitride semiconductor layer, and for the p-side super lattice layer, the third nitride semiconductor layer may be 
provided with a higher band gap energy and a smaller concentration of the p-type impurity than the fourth nitride sem- 
iconductor layer. In this case, it is preferable that the concentration of the n-type impurity In the first nitride semiconduc- 
tor layer ranges between 1 x 10^^/cm^ and 1 x lO^o/cm^ and the concentration of the n-type impurity in the second 
nitride semiconductor layer is not more than 1 x 10^ ^/cm^, and the concentration of the p-type impurity in the third 
nitride semiconductor layer is not more than 1 x ^Q^farP and the concentration of the p-type impurity in the fourth 
nitride semiconductor layer ranges between 1 x 10^®/cm® and 1 x lO^Vcm^. 

[0045] Furthermore, in the fifth nitride semiconductor device, for the n-side super lattice layer, the first nitride sem- 
iconductor layer may be designed to have a higher band gap energy and a smaller concentration of the n-type impurity 
than the second nitride semiconductor layer, and for the p-side super lattice layer, the third nitride semiconductor layer 
may be designed to have a higher band gap energy and a larger concentration of the p-type impurity than the fourth 
nitride semiconductor layer. In this case, it Is preferable that the concentration of the n-type impurity In the first nitride 
semiconductor layer is not more than 1 x lO^^/cm^ and the concentration of the n-type impurity in the second nitride 
semiconductor layer mnges between 1 x and 1 x IQ^O/cm^. and the concentration of the p-type impurity in the 

third nitride semiconductor layer ranges between 1 x lO^^/cm^ and 1 x lO^VcmS and the concentration of the p-type 
impurity in the fourth nitride semiconductor layer is not wore than 1 x 10^^/cm^. 

[0046] Further, in the fifth nitride semiconductor device, for the n-side super lattice layer, the first nitride semicon- 
ductor layer may be designed to have a higher band gap energy and a smaller concentration of the n-type impurity than 
the second nitride semiconductor layer, and for the p-side super lattice layer, the third nitride semiconductor layer may 
be designed to have a higher band gap energy and a smaller concentration of the p-type impurity than the fourth nitride 
semiconductor layer. In this case, it is preferable that the concentration of the n-type impurity in the first nitride semicon- 
ductor layer is not more than 1 x lO^^/cm^ and the concentration of the n-type Impurity in the second nitride semicon- 
ductor layer ranges between 1 x lO^^/cm^ and 1 x lO^O/cm^ and the concentration of the p-type impurity in the third 
nitride semiconductor layer is not more than 1 x lO^O/cm^ and the concentration of the p-type impurity in the fourth 
nitride semiconductor layer ranges between 1 x 10^®/cm^ ~ 1 x lO^Vcm^. 

[0047] Furthermore, in the fifth nitride semiconductor device, for the n-side super lattice layer, the first nitride sem- 
iconductor layer may be made of AlyGai-YN (0<Y<1) and the second nitride semiconductor layer may be made of 
InxQai.xN (0^X<1). and for the p-side super lattice layer, the third nitride semiconductor layer may be made of AlyGav 
yN (0<Y<1) and the fourth nitride semiconductor layer may be made of InxGai.xN (0^X<1). In this case, it is preferable 
that the second and fourth nitride semiconductor layers are made of GaN, respectively. 

[00481 Further, in the fifth nitride semiconductor device, for the n-side super lattice layer, the first nitride semicon- 
ductor layer may be made of AlxGa^.xN (0<X<1) and the second nitride semiconductor layer is made of AlYGa^YN 
(0<Y<1, X>Y),and for the p-side super lattice layer, the third nitride semiconductor layer may be made of AixQai-xN 
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(0<X<1) and the fourth nitride semiconductor layer may be made of AlYGavyN (0<Y<1. X>Y). 
[0049] Furthermore, in the fifth nitride semiconductor device, it Is preferable that the first nitride semiconductor layer 
or the second nitride semiconductor layer Is an undoped layer to which a n-type impurity is not doped. It is also prefer- 
able that the third nitride semiconductor layer or the fourth nitride semiconductor layer Is an undoped layer which is not 
5 doped with a p-type impurity. 

[0050] In the thiitl, fourth and fifth nitride semiconductor device, the active layer preferably includes a InOaN layer. 
The InQaN layer in the active layer is preferably in a fomi of a quantum well layer. The active layer may be SOW or 
MOW. 

[0051 1 According to the present invention, there is provided a second nitride semiconductor LD device comprising 

to an active layer between a p-side cladding layer and a n-side cladding layer, and at least one of the p-side and the n-side 
cladding layers is the n-slde super lattice layer or the p-side super lattice layer respectively. The LD device can operate 
at a lower threshold current. In the second LD device, it is preferable that an optical wave guide layer made of a nitride 
semiconductor containing In or QaN which has an impurity concentration of not more than 1 x 10^®/cm .the optical 
wave guide layer being formed at least either between the p-side cladding layer and the active layer or between the p- 

15 Side cladding layer and the active layer. In this case, the wave guide can prevent the emission generated from disap- 
pearing due to a low absorption rate of the optical wave guide, which causes a LD device capable of waving at a low 
gain. In this case, in order to further decrease the light absorption rate, it Is more preferable that the impurity concen- 
tration of the wave guide layer is not more than 1 x lO^^/cm^. especially not more than 1 x lo^^/cm^ The most prefer- 
able layer is an undoped one. The optical wave guide layer may be made of the super lattice structure. 

20 [0052] Furthermore, it is recommendable that there is provided with a cap layer made of a nitride semiconductor 
between the optical wave guide layer and the active layer. It is preferable that the cap layer having a higher band gap 
energy than the well layer in the active layer and also the optical wave guide layer and having a thickness of not more 
than 0.1 \in\ is formed between said optical wave guide layer and said active layer. It is more preferable that the cap 
layer contains an impurity of not less than 1 x 10^^/cm®. The cap layer can make a leak cunrent lowered because of a 

25 higher band gap. It is effective that the optfcal wave guide layer and cap layer are formed in the p-type region or the sem- 
iconductor region of p-conduclivity side. 

[0053] The third to the fJfth nitride semiconductor devices of the present inventfon may be preferably formed on a 
nitride semiconductor substrate. The nitride semiconductor substrate can be prepared by a method of growing a nitride 
semiconductor layer on an auxiliary substrate made of a material other than nitride semiconductor, forming a protective 

30 film on the grown nitride semiconductor layer so as to expose partially the surface thereof, thereafter growing a nitride 
semiconductor layer to cover the protective film from the exposed nitride semiconductor layer. The nitride semiconduc- 
tor substrate can make it better the crystallinity of every layers in the third to the fifth nitride semiconductor device. In 
this case, the auxiliary substrate and the protective film can be removed from the nitride semiconductor substrate before 
or after the device layers are formed on the nitride semiconductor substrate. The cap layer had better be formed in the 

35 p-type region. 

[0054] In a preferred embodiment of the LD device according to the present invention, wherein p-side daddmg layer 
Is a super lattice layer, it is preferable that a ridge portion is formed on the p-side cladding layer and on the layer located 
over the p-slde cladding layer in a manner that the longitudinal direction of the rkJge portion coincides with the direction 
of resonance and the ridge has a predetermined width. 

40 [0055] According to a sixth aspect of the present invention, there is provided a nitride semiconductor-light emitting 
device comprising an active layer including a first nitride semiconductor layer containing In between a n-side cladding 
layer and a p-side cladding layer, characterized in that the n-side cladding layer is a super lattice layer comprising a sec- 
ond nrtrkJe semiconductor layer containing Al and has a total thickness of not less than 0,6 ^m and an average compo- 
sition of Al in said n-side cladding layer is set in a way that the product of said average Al composition in % contained 

45 in said n-side cladding layer multiplied by the thickness in ^m of said n-side cladding layer is not less than 4.4. Ttiis 
causes the optical confinement effect by the n-side cladding layer improved, resulting in a long lifetime and a high 
responsibility of the LD device due to a lower wave oscillation threshold. 

[0056] In an embodiment of the LD device formed on the substrate, wherein the n-side cladding layer is usually 
formed at a part close to the substrate in the n-type region, If the confinement effect of the light is not sufficient, the light 
50 leaked through the n-side cladding layer is reflected by the substrate, resulting in disturbing shapes of far and near f iekl 
pattern such as observation of multi-spots of laser beam. However, the n-side cladding layer in the sixth nitride semi- 
conductor device, makes the light confinement effect improved, which prevent the near and far field patterns from being 
disturbed, that is, which can make a single laser spot. 

[0057] In a preferred embodiment of the sixth nitride semiconductor device of the present invention, the n-skle clad- 
55 ding layer has a thickness of not less than 0.8 ^m and an average Al composition of not less than 5.5 %. In a more pref- 
erable embodiment, the n-side cladding layer has a thickness of not less than 1 .0 ^im and an average Al composition of 
not less than 5 %. In a most preferable embodiment, the n-side cladding layer has a thickness of not less than l .2 i^m 
and an average Al composition of not less than 4.5 %. 
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[0058] In the sixth nitride semiconductor device, it is preferable that the p-side cladding layer is a super lattice layer 
comprising a third nitride semiconductor layer containing Al and has a thickness smaller than said n-side cladding layer. 
More preferably, the p-side cladding layer has a thickness of less than 1 .0 and the thickness of the n^lde cladding 
layer and said p-side cladding layer including said active layer is set to range between 200 angstroms and 1 .0 ^m. 

5 

Brief Explanation of the Drawing 
[0059] 

10 Fig.1 is a schematic sectional view of the nltrWe semiconductor device (LED) structure of the first embodiment 
according to the present invention, 

Fig.2 is a schematic sectional view of the nitride semiconductor device (LD) structure of the second embodiment 
according to the present invention. 

Fig.3 is a schematic sectional view of the nitride semiconductor device (LD) structure of the third embodiment 
15 according to the present invention, 

Fig.4 is a perspective view of the LD shown in Fig.5, 

Fig.5 is a graph showing the relation between the thickness of the p-side contact layer and the threshold voltage In 
Example 1 of the present invention, 

Fig.6 is a schematic sectional view of the LD in Example 26 of the present invention. 
20 Flg.7 is a schematic sectional view of the LD in Example 28 of the present invention. 
Fig.8 is a schematic sectional view of the LD in Example 33 of the present invention, 

Fig.9 is a schematic view of the nitride semiconductor device (LD) structure of the fourth embodiment according to 
the present invention. 

25 PREFERRED EMBODIMENT OF THE INVENTION 

[0060] Preferred embodiments off the nitride semiconductor device according to the present invention will now be 
described below with reference to the accompanying drawings. 

30 Embodiment 1 

[0061] Fig. 1 is a schematic cross sectional view showing the configuration of the nitride semiconductor device 
according to the first embodiment of the present invention. The nitride semiconductor device is an LED device having 
such a basic configuration as a buffer layer 2 made of QaN, an n-side contact layer 3 made of Si-doped n-type QaN, an 

35 active layer 4 made of InOaN of single quantum well structure, a p-side cladding layer 5 made of a super lattice layer 
comprising a first layer and a second layer of different constitutions being laminated, and a p-type contact layer 6 made 
of Mg-doped GaN are laminated successively on a substrate 1 made of sapphire. In the nitride semiconductor device 
of the first embodiment, nearly entire surface of the p-side contact layer 6 is covered with a planar electrode 7 formed 
thereon which is provided with a p electrode 8 for the purpose of bonding installed on the surface thereof, while an n 

40 electrode 9 Is installed on the surfece oi the n-side contact layer 2 which is exposed by removing a part of nitride sem- 
iconductor layer by etching. The planar electrode 7 allows light to transmit. 

[0062] The nitride semiconductor device of the first embodiment has the p-type cladding layer 5 having a low resist- 
ance and comprising a super lattice layer made by laminating the first layer which is made of AlvGai-yN (0^Y^1) doped 
with Mg as a p-type impurity, for example, and has a thickness of 30 angstroms, and a second layer which is made of 

45 p'type AlvGavYN (0^Y^1) doped with the same amount of Mg as in the first layer as the p-type impurity and has a 
thickness of 30 angstroms, and therefore Vf can be made lower. When the super lattice layer is formed on the p layer 
side as described above, the super lattice layer is rendered p-type conductivity by doping the first layer and/or the sec- 
ond layer with a p-type Impurity such as Mg. Zn, Cd, Be, etc. The first layer and the second layer may be laminated 
either in the order off 1st. 2nd, 1st and so on. or in the order of 2nd, 1st. 2nd and so on. provided that at least two layers 

50 are laminated. 

[0063] The first layer and the second layer which is made of the nitride semiconductor and constitute the super lat- 
tice layer are not limited to the layer made of InxQai-xN (OsXsi) and the layer made of AlyGai-YN (0^Y^1). and may 
be other layers provided that they are made of nitride semiconductors of different constitutions. The first layer and the 
second layer may or may not have the same band gap energy For example, when the first layer is made of InyGa^xN 
55 (0^Y^1) and the second layer is made of AlyGa^YN (0<Y ^1), band gap energy of the second layer becomes higher 
than that of the first layer, although when the first layer is made of InxGa^^xN (O^X^I) and the second layer is made of 
InzAl^.zN (0<Z^1), the first layer and the second layer may be of different constitutions but have the same band gap 
energy Also when thefirst layer is made of AlyGavyN (QsY^I) and the second layer is made of lnzAli-zN (0<Zsi), the 
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first layer and the second layer may be of different constitutions but have the same band gap energy. 
[0064] That is, according to the present invention, the first layer and the second layer may or may not have the same 
band gap energy, provided that they constitute a super lattice layer which has a function to be described later. As 
described above, the super lattice layer referred to herein is a layer made by laminating extremely thin layers of different 

6 constitutions, which Is free from lattice defects accompanying lattice mismatch, because every layer is very thin, having 
broad implications including the quantum well structure. Although the super lattice layer does not have inner detects, it 
usually has a strain accompanying lattice mismatch, and is hence called also a stained layer super lattice. According to 
the present invention, the first layer and the second layer remain to be nitride, semiconductors as long as they include 
N even when part of N (nitrogen) atoms are substituted with V group elements such as As and R 

10 [0065] According to the present invention, because the thickness of the first layer and the second layer which con- 
stitute the super lattice layer reaches the elastic strain limit or greater when it is greater than 100 angstroms, and micro- 
scopic cracks or crystal defects are likely to be generated in the film, and therefore the thickness is preferably set to 
within 1 00 angstroms. Lower limit of the thickness of the first layer and the second layer is not limited and may be of any 
value provided that it is monoatomic layer or thfeker. According to the first embodiment, the first layer and the second 

15 layer are preferably 70 angstroms or thinner to obtain better quality of crystal and, more preferably, further thinner in a 
range from 10 angstroms to 40 angstroms. According to the present invention, although the thickness may be 10 ang- 
stroms or less (for example, monoatomic layer or diatomic layer), setting the thickness within 10 angstroms leads to 
lamination of too many layers in case a cladding layer having the thickness of 500 angstroms or greater is formed in 
super lattice structure, for example, resulting In longer fbrming time and increased labor in the manufacturing process. 

20 Thus the first layer and the second layer are preferably set to be thicker than 1 0 angstroms. 

[0066] In the case of the nitride semiconductor device of the first embodiment shown in Fig. 1 , the p-type cladding 
layer 5 made of super lattice layer is fbrmed between the active layer 4 and the p-side contact layer 6 which is a current 
injection layer, and functions as a carrier trapping layer. When a super lattice layer is used as a canrier trapping layer in 
this way, mean band gap energy of the super lattice layer must be higher than that of the active layer. In a nitride sem- 

es iconductor device, therefore, a nitride semiconductor which includes AI in such a form as AIN, AIGaN or InAlN having 
relatively high band gap energy is used as a carrier trapping layer. Among such layers, AIGaN has a tendency to 
develop cracks during crystal growing process when grown to be thick as a single layer. 

[0067] In the first embodiment, therefore, a super lattice layer having less cracks with excellent quality of crystal is 
formed and used as a cladding layer having a high band gap energy by making at least one of the first layer and the 
30 second layer from a nitride semiconductor which includes at least AI, preferably AlyGavYN (0<YS1). and growing the 
first layer and the second layer alternately with the thickness within the elastic strain limit. 

[0068] In this case* when a nitride semiconductor layer which does not include AI is grown as the first layer to the 
thickness within 100 angstroms and the second layer made of a nitride semiconductor which includes AI is grown ther- 
eon, the first layer also functions as a buffer layer when growing the second layer so that cracks are less likely to develop 

35 in the second layer, making it possible to fbrm a super lattice layer which has less cracks with excellent quality of crystal. 
Thus according to the first embodiment, it is desirable that the super lattice layer be formed from the first layer (the sec- 
ond layer) made of InxGai.xN (0^X^1) and the second layer (the first layer) made of AlyGai.vN (O^Y^I. X^tY«0 ). 
[0069] Also in the nitride semiconductor device of the first embodiment, at least one of the first layer and the second 
layer which constitute the p-side cladding layer 5. that is the super lattice layer, is preferably doped with a p-type impurity 

40 which makes the conductivity of the layer p-type, for the purpose of adjusting the carrier concentration. In case the first 
layer and the second layer are doped with a p-type impurity the first layer and the second layer may be doped in differ- 
ent concentrations. This is because, when the first layer and the second layer are doped in different concentrations, car- 
rier concentration in one of the layers becomes substantially higher, thus making it possible to decrease the resistance 
of the super lattice layer as a whole. Thus according to the present invention, the first layer and the second layer may 

45 be doped In different concentrations, or alternatively only one of the first layer and the second layer may be doped. 
[0070] Concentrations of the impurity doped in the first layer and the second layer are preferably controlled in a 
range from 1 x ^0^^/cm^io^ 1 x ^0^^/cvr(^, more preferably from 1 x 10^^/cm^to 1 x lO^Vcm^, and most preferably from 
1 X 10^^/cm^ to 2 X 10^^/cm^ in the case of p type Impurity, although the present Invention is not limited to this config- 
uration. This is because, when impurity concentration is lower than 1 x 10^^/cm^, it becomes difficult to obtain the effect 

50 of reducing Vf and the threshold voltage and. when impurity concentration is higher than IjiO^^/cm^. quality of crystal 
of the super lattice layer deteriorate. Concentration of n type Impurity is also desired to be controlled within a similar 
range, for the same reason. 

[0071 1 The super lattice layer constituted as described above is formed by laminating the first layer and the second 
layer alternately with the thickness within the elastic strain limit, and therefore lattice defects of the crystal can be 
55 reduced and microscopic cracks can be reduced, thus improving the quality of crystal drastically As a result, the 
amount of impurity doped can be increased thereby increasing the carrier concentrations in the n-type nitride semicon- 
ductor layer and in the p-type nitride semiconductor layer without substantially deteriorating the quality of crystal, thus 
allowing the can-ier to move without being scattered by crystal defects, and therefore it is made possible to reduce the 
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resistivity at least one oreler of magnitude lower than that of the p-type or n-type nitride semiconductor which does not 
have super lattice structure. 

[00721 TTius in the nitride semiconductor device (LED device) of the first embodiment. Vf can be reduced by fbrming 
the p-type cladding layer 5, of a semiconductor region 251 of p conductivity side (the region comprising the p-type clad- 

5 ding layer 5 and the p-type contact layer 6 in the first entoodiment) where it has been difficult to obtain a nitride semi- 
conductor layer having a low resistance In the prior art, by using the super lattice layer, thereby reducing the resistance 
of the p-type cladding layer 5. That is. nitride semiconductor is a semiconductor which is difficult to obtain in the form of 
p-type crystal and, if ever obtained, resistivity is usually at least two orders of magnitude higher compared to n-type 
nitride semiconductor. Therefore, when a super lattice layer of type p is formed on p-type conductivity side, resistance 

10 of the p-type layer constituted from the super lattice layer can be reduced to an extremely low level, resulting in a 
remarkable decrease in Vf. As a prior art technology to obtain a p-type crystal, such a process has been known where 
a nitride semiconductor layer doped with a p-type impurity Is annealed and hydrogen is removed thereby manufacturing 
a p-type nitride semiconductor (Japanese Patent No. 2540791). However, the p-type nitride semiconductor thus 
obtained has resistivity as high as several ohm-centimeters at the lowest. By turning this p-type layer into p-type super 

15 lattice layer, better quality of crystal can be obtained. According to the study of the present Inventors, resistivity of the 
p-type layer can be reduced to a level at least one order of magnitude lower than that of the prior art. resulting in a con- 
spicuous eHect of decreasing Vf . 

10073] According to the first embodiment, a super lattice layer which has good quality of crystal and is free from 
cracte can be fbrmed by constituting the first layer (the second layer) made from InxGai.xN (O^X^I) and the second 
20 layer (the first layer) made from AlyOai^YN (O^iYsi. X^Y^) as described above, and therefore service life of the 
device can be elongated. 

[0074] Now the present invention will be compared with examples of the prior art disclosed in literature known to 
the public, Including Japanese Patent Publication filed by the present inventors in the past. 

[0075] As a technology similar to the present invention, the present inventors proposed the technology disclosed in 
25 Japanese Patent Non-examined Patent Publication No. 8-228048. This technology forms a multi-layer film made of 
AIQaN. QaN, InGaN. etc. as a laser beam reflecting film on the outside of an n-type cladding layer and/or the outside 
(on the side farther from an active layer) of a p-type cladding layer which interpose the active layer. According to this 
technology, because the multi-layer film is formed as the light reflecting film, each layer is designed to have a thickness 
of X/An (n is a refractive index of the nitride semiconductor and X is a wavelength) and becomes very thick. Thus each 
30 layer of the multi-layer film has the thickness not within the elastic strain limit. U.S. Patent. 5.146.465 discloses a laser 
device having such a constitution as an active layer is interposed between mirrors made of AlxGai-xN/AlvQai-YN. This 
technology, similarly to that described above, makes AIQaN/AIQaN act as mirrors, and therefore requires each layer to 
be thick. Particularly it is very difficult to laminate many layers of hard semiconductor such as AIGaN without generating 
cracks 

36 [0076] According to the first embodiment, unlike the technologies described above, the first and the second layers 
are set to have such the thickness (preferably within 100 angstroms, namely within the critical film thickness for both 
layers) so as to constitute a super lattice layer. That is, the present Invention utilizes the effect of strained layer super 
lattice of a nitride semiconductor which constitutes the super lattice layer, thereby to improve the quality of crystal and 
reduce Vf. 

40 [0077] Japanese Non-examined Patent Publication Nos. 5 - 1 10138 and 5-1 10139 disclose a method to obtain a 
crystal of AlyGai-YN by laminating thin films of AIN and QaN. This technology is to laminate AIN and GaN layers which 
are several tens of angstroms thick thereby to obtain a mixed crystal of AlyQa^yN having a specified mix proportion, 
and is different from the technology of this invention. And because the technology does not include an active layer made 
of InGaN. the super lattice layer is liable to cracks developing therein. Japanese Non-examined Patent Publication Nos. 

45 6-21 51 1 and No. 6-268257 also disclose a light emitting device of double-hetero structure having an active layer of mul- 
tiple quantum well structure made by laminating GaN and InGaN or InGaN and InGaN. This technology is also different 
from the present invention which proposes a technology of making a multi-layer structure other than the active layer. 
Japanese Non-examined Patent Publication No. 2-288371 (U.S. patent 5.005.057) discloses a structure having a super 
lattice layer other than the active later. However, the supper lattice disclosed in Japanese Non-examined Patent PuWi- 

50 cation No. 2-288371 consist of BP layers and GaAIN layers while the supper lattice of present invention consist of nitride 
semiconductor layers having different constitution each other. 

[0078] Tlierefore, this technology is different from the present invention with regard to structure and an effect. 
[0079] Further In the device of the present invention, the effect of the super lattice layer becomes conspicuous 
when the active layer is provided with a nitride semiconductor, which includes at least indium, such as InGaN. InGaN 
55 active layer has less band gap energy and is most suitable for the active layer of a nitride semiconductor device. There- 
fore, when super lattice layers comprising InxGa^xN and AlyGavyN are formed to interpose the active layer, difference 
in the band gap energy and difference in refractive Index from those of the active layer can be increased, thereby mak- 
ing the super lattice layer capable of functioning as an excellent light trapping layer when fbrming a laser devk;e (applied 
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to the nitride semiconductor device of second embodiment). Moreover, because InGaN has quality of crystal of being 
softer than other nitride semiconductors which include Al such as AIGaN, use of InQaN as the active layer makes the 
laminated nitride semiconductor layers less liable to cracks. Conversely, use of a nitride semiconductor such as AIQaN 
as the active layer makes it likely that cracks develop in the entire crystal because the crystal is hard in nature. 

5 [0080] According to the first embodiment, it is desirable that the thickness of the p-side contact layer 6 be controlled 
to within 500 angstroms, nnore preferably within 300 angstroms and most preferably within 200 angstroms. This is 
because resistivity can be further decreased by controlling the thickness of the p-type nitride semiconductor which has 
a high resistivity of several ohm-centimeters or higher within 500 angstroms, thus reducing the threshold current and 
voltage. It is also made possible to increase the amount of hydrogen removed from the p-type layer, thereby further 

10 reducing the resistivity. 

[0081] As described edbove in detail, in the nitride semiconductor device (LED device) of the first emtxxliment, the 
p-type cladding layer 5 is constituted from the super lattice layer made by laminating the first layer and the second layer, 
and therefore resistance of the p-type cladding layer 5 can be made extremely low and the fbnward voltage Vf of the 
LED device can be reduced. 

IS [0082] Although the first embodiment uses the super lattice layer in the p-side cladding layer 5, the present inven- 
tion is not limited to this configuration and a p-type super lattice layer may also be used in the p-type contact layer 6. 
That is, the p-type contact layer 6 to which current (positive holes) is injected may also be made as p-type super lattice 
layer formed by laminating the first layer made of InxQai-xN and the second layer made of AlyGai .yN. When the p-type 
contact layer 6 is made as a super lattice layer and the band gap energy of the first layer is less than that of the second 

20 layer, it is preferable that the first layer made of InxGai .xN or GaN having a low band gap energy be placed on the top 
and put into contact with the p electrode, so that the contact resistance with the p electrode becomes lower thereby pro- 
viding better ohmte contact. This is because the first layer which has lower band gap energy has a tendency to provide 
a nitride semiconductor layer of higher carrier concentration than In the case of the second layer. Also according to the 
present invention, when a p-type nitride semiconductor layer other than the p-side cladding layer and the p-side contact 

2s layer is further formed on the semiconductor region 251 of p conductivity side, the p-type nitride semiconductor layer 
may be constituted from a super lattice layer. 

[0083] Although the first embodiment uses the super lattice layer in the p-side cladding layer 5. the present inven- 
tion is not limited to the configuration of the semiconductor region 251 of p-type conductivity, and an n-type super lattice 
layer may also be used in the n-type contact layer 3 of the semiconductor region 201 of n conductivity side. In such a 

30 case as the n-type contact layer 3 is used as the super lattice layer, the first layer and/or the second layer can be doped 
with an n-type impurity such as Si and Ge. for e)(ample, thereby forming a super lattice layer having n-type conductivity 
as the n-type contact layer 3 between the substrate 1 and the active layer 4. In this case, it was verified that making the 
n-type contact layer 3 in the form of super lattice layer having different impurity concentration, in particular, decreases 
the resistance in the transverse direction and tends to decrease the threshold voltage and current in a laser diode, for 

35 example. 

[0084] This is supposed to be due to an effect similar to HEMT (High-Electron Mobility Transistor) as described 
below, in case a super lattice layer, which is made by doping a layer having higher band gap energy with greater amount 
of n-type impurity, is formed as n-type contact layer. In the super lattice layer made by laminating the first layer (the sec- 
ond layer) which is doped with an n-type impurity and has a greater band gap and the second layer (the first layer) which 

40 Is undoped (state of being not doped will be called undoped hereinafter) and has less band gap. the layer having higher 
band gap energy is depleted in the interface between the layer doped with the n-type impurity and the undoped layer, 
and electrons (two dimensional electron gas) accumulate in the interface around the layer which has lower band gap 
energy and a thickness of about 100 angstroms. It is supposed that, because the two dimensional electron gas is gen- 
erated In the layer having lower band gap energy, the electrons move without being scattered by the impurity, and there- 

45 fore electron mobility in the super lattice layer increases and resistivity decreases. 

[0085] Also according to the present invention, when an n-side cladding layer is installed on a semiconductor layer 
201 of n conductivity side, the n-side cladding layer may be made in super lattice layer. In case an n-type nitride semi- 
conductor layer other than the n-side contact layer and the n-side cladding layer is installed in a semiconductor region 
201 of n conductivity side, the n-type nitride semiconductor layer may be made in the form of super lattice layer. How- 

60 ever, it is a matter of course that, in case the nitride semiconductor layer comprising the super lattice layer is installed 
in the semiconductor region 201 of n conductivity side, it is desirable that either the n-type cladding layer acting as a 
earner trapping layer or the n-type contact layer 3 to which current (electrons) is injected be made in super lattice struc- 
ture. 

[0086] In case a super lattice layer is formed in the semiconductor region 201 of n conductivity side placed between 
55 the active layer 4 and the substrate 1 as described above, the first layer and the second layer which constitute the super 
lattice layer may not be doped with impurity. This is because nitride semiconductor has a nature of becoming n-type 
even when undoped. It is desirable, however, to dope the first layer and the second layer with n-type impurity such as 
Si and Ge to make a difference In the impurity concentration as described above, even when forming on the n layer side. 
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[0067] When a super lattice layer is formed In the semiconductor region 201 of n conductivity side, the effect thereof 
will be an Improvement in the quality of crystal similarly to the case of forming the super lattice layer in the semiconduc- 
tor region 251 of p-type conductivity side. Specifically. In the case of a nitride semiconductor device which has hetero 
junction, carrier trapping layers of n-type and p-type are usually constituted from AIGaN which has a band gap energy 
which is higher than the active layer. Crystal of AIQaN is very difficult to grow, and cracks tend to develop In the crystal 
when a layer having the thickness of 0.5 jxm or greater Is grown with a single constitution. However, when a super lattice 
layer is made by laminating the first layer and the second layer each with a thickness within the elastic strain limit, as in 
the case of the present invention, the first layer and the second layer can be laminated with good quality of crystal and 
therefore a cladding layer having good quality of crystal can be grown. Thus because the nitride semiconductor is given 
good quality of crystal all over the semiconductor region 201 of n conductivity side, mobility can be increased through- 
out the semiconductor region 201 of n conductivity side and therefore Vf of a device wherein the super lattice layer is 
used as a cladding layer can be decreased. Further, when the super lattice layer is doped with an impurity such as Si 
and Ge and the super lattice layer Is used as the contact layer, it is supposed that the effect similar to that of HEMT 
described previously appears markedly, making it possible to decrease the threshold voltage and Vf further. 
[0068] Also according to the present invention, the super lattice layer may not be doped with the impurity which 
determines the conductivity types of the first layer and the second layer. The super lattice layer which is not doped with 
the impurity may be formed as any of the layers between the active layer and the substrate, in case the layer is in the 
semiconductor region 201 of n conductivity side, and may be formed as any of the layers between the carrier trapping 
layer (light trapping layer) and the active layer, provided that the layer is in the semiconductor region 251 of p conduc- 
tivity side. 

[0069] According to the present invention, as described above, because the super lattice layer is used either as the 
cladding layer acting as a carrier trapping layer formed in the semiconductor regton 201 of n conductivity side or in the 
semiconductor region 251 of p conductivity side Interposing the active layer, or as an optical waveguide layer of the 
active layer or as a current injection layer provided with an electrode being formed in contact therewith, it Is desirable 
that mean band gap energy of the nitride semiconductor constituting the super lattice layer be controlled to be higher 
than that of the active layer. 

[0090] While the region comprising the nitride semiconductor layers placed between the active layer and the p elec- 
trode is referred to as the semiconductor region on p conductivity side in this specification, this does not mean that all 
the nitride semiconductor layers constituting the semiconductor region have the p-type conductivity. Similarly, the region 
comprising nitride semiconductor layers between the active layer and a GaN substrate 100 is referred to as the semi- 
conductor region of n-side conductivity, this does not mean that all the nitride semiconductor layers constituting the 
region have the p-type conductivity. 

Embodiment 2 

[0091 ] Now the second embodiment of the present invention will be described below. 

[0092] Fig. 2 is a schematic cross sectional view (cross section perpendicular to the direction of propagation of 
laser light) showing the configuration of a nitride semiconductor device according to the second embodiment of the 
present Invention. The nitride semiconductor device is, for example, a nitride semiconductor laser diode device which 
has an active layer 16 comprising a nitride semiconductor interposed by a semiconductor region 202 of n conductivity 
side (consisting of an n-side contact layer 12, a crack preventing layer 13, an n-side cladding layer 14 and an n-side 
optical waveguide layer 15) and a semiconductor region 252 of p conductivity side (consisting of a cap layer 17, a p- 
side optical waveguide layer 18, a p-side cladding layer 19 and a p-side contact layer 20) provided on a C plane of a 
substrate 10 made of sapphire or the like. 

[0093] In the nItrWe semiconductor device of the second embodiment, threshold voltage of the nitride semiconduc- 
tor device which is a laser diode is set to a low level by forming the n-side cladding layer 14 in the semiconductor region 
202 of n conductivity side in the form of super lattice layer and forming the p-side cladding layer 1 9 in the semiconductor 
region 252 of p conductivity skle in the form of super lattice layer. The nitride semiconductor device according to the 
second embodiment of the present Invention will be described in detail below by referring to Fig. 2. 
[0094] In the nitride semiconductor device of the second enrtoodiment, first the n-slde contact layer 1 2 is formed on 
the substrate 10 via a buffer layer 1 1 and a second buffer layer 112. then the crack preventing layer 13, the n-side clad- 
ding layer 14 and the n-side optical waveguide layer 15 are laminated on the n-side contact layer 12, thereby to form 
the semiconductor region 202 of n conductivity side. Formed on the surfaces of the n-side contact layer 12 exposed on 
both sides of the crack preventing layer 13 are n-side electrodes 23 which make ohmic contact with the n-side contact 
layer 12, while an n-side pad electrode for the purpose of wire bonding, for example, is formed on the n-side electrode 
23. Then the active layer 16 made of a nitride semiconductor is formed on the n-side optical waveguide layer 15, and 
the cap layer 17, the p-slde optical waveguide layer 18, the p-side cladding layer 19 and the p-side contact layer 20 are 
formed on the active layer 16, thereby to form the semiconductor region 252 of p conductivity side. Further on the p- 
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side contact layer 20, the p-side electrode 21 which makes ohmic contact with the p-side contact layer 20 is formed, 
and the p-side pad electrode for the purpose of wire bonding, for example, is formed on the p-side electrode 21 . Formed 
on the p-side contact layer 20 and the p-side cladding layer 19 is a ridge which extends long In the direction of reso- 
nance, thereby to trap light in the active layer 16 in the transverse direction (direction perpendicular to the direction of 
5 propagation) and form a resonator which resonates in the tongitudinal direction of the ridge by using a cleavage plane 
which Is at right angles to the ridge, thus making the laser oscillate. 

[0095] Components of the nitride semiconductor device of the second embodiment will now be described below. 
(Substrate 10) 

10 

[0096] The substrate 1 0 may be made of, in addition to sapphire having principal plane in C plane, sapphire having 
principal plane in R plane or A plane, insulating substrate such as spinel (MgAl204), or other semiconductor substrate 
such as SiC (including 6H. 4H and 3C), ZnS. ZnO. GaAs and GaN. 

75 (Buffer layer 11) 

[0097] The buffer layer 1 1 is formed by growing AIN, GaN, AIQaN, InGaN, etc., for example, at a temperature within 
900*C to a thickness of several tens to several hundreds of angstroms. While the buffer layer 1 1 is formed for the pur- 
pose of relaxing lattice constant mismatch between the substrate and the nitride semiconductor, it may be omitted 
20 depending on the method of growing the nitride semiconductor, type of substrate and other conditions. 

(Second buffer layer 1 1 2) 

[0098] The second buffer layer 1 1 2 is a layer made of a single crystal nitride semiconductor which is grown on the 
2S buffer layer 1 1 at a temperature higher than that of the buffer layer, and is formed to be thicker than the buffer layer 1 1 . 
The second buffer layer 1 12 is made as a layer which has a concentration of n-type impurity lower than that of the n- 
side contact layer 12 to be grown next, or as a nitride semiconductor layer which is not doped with an n-type impurity. 
The second buffer layer 1 12 may be constituted as inxAlYQai.x-YN (O^X, O^Y, X+Y^1 ), for example, of which compo- 
sition is not a matter of importance here, but the composition is preferably in the form of AlyGai.YN which Is undoped 
30 and has a proportion of Al (value of Y) within 0.1 , and most preferably undoped GaN. When made in such a composi- 
tion, the second buffer layer 112 having few defects can be grown and, when the second buffer layer 1 12 is made in the 
form of undoped GaN. the second buffer layer 1 12 having fewest defects can be formed. Also rt is further preferable that 
the n-side contact layer 12 be formed in super lattice structure. 

[0099] When the second buffer layer 1 1 2 having low impurity concentration and few defects is grown before growing 
35 the n-side contact layer 1 2, as described above, the n-side contact layer 1 2 having a high carrier concentration and few 
defects can be formed with a relatively larger thickness. That is, while the n-side contact layer 12 having a high carrier 
concentration needs to be formed by growing a nitride semiconductor of a high n-type impurity concentration, It is diffi- 
cult to grow a thick nitride semiconductor layer having a high impurity concentration with few defect. Thus when the n- 
side contact layer 12 is formed without forming the n-side buffer layer 1 12, not only the n-side contact layer 12 having 
40 many defects is formed but also other nitrkJe semiconductor such as active layer comes to be grown on ttie n-side con- 
tact layer having many defects, causing the layer to be formed thereon to include crystal defect extending from the layer 
below, making it impossible for the layer (active layer or the like) to be formed thereon to grow with few defects. There- 
fore, the second buffer layer 1 12 has important roles in growing the n-side contact layer to be formed thereon with few 
defects as well as in forming the semiconductor layers which constitute the nitride semiconductor device with few 
45 defect. 

[0100] Thickness of the second buffer layer 1 12 is preferably controlled to be 0.1 |im or grater, more preferably 0.5 
^im or grater, and most preferably in a range from 1 ^m to 20 \im. When the second buffer layer 1 12 is thinner than 0.1 
\im, substantial Improvement in the quality of crystal of the n-side contact layer 12 cannot be expected. When the sec- 
ond buffer layer 1 1 2 is thicker than 20 ^m, on the other hand, the second buffer layer 1 1 2 Itself tends to include much 

so crystal defects resulting in decreased effect of buffer layer. When the second buffer layer 1 1 2 is grown to be relatively 
thick to an extent that does not exceed 20 ^m. there Is an advantage of improved heat dissipation. That is, when a laser 
device is made, heat Is more easily transmitted in the second buffer layer 1 12 and therefore life of the laser device is 
elongated. Moreover, leaking light from the laser light diffoses in the second buffer layer 1 12, thereby making it easier 
to obtain laser beam having near elliptical configuration. The second buffer layer 1 12 may be omitted when an electri- 

55 cally conductive substrate such as GaN, SiC. ZnO or the like is used as the substrate. 
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(n-skie contact layer 12) 

[0101 ] The n-side contact layer 12 acts as a contact layer whereon a negative electrode Is formed, of which thick- 
ness is preferably controlled within a range from 0.2 ^m to 4 ^m. When the thickness is less than 0.2 ^im, It becomes 

5 difficult to control the etching rate for exposing the layer in a subsequent process of forming the negative electrode. 
When the thickness is greater than 4 ^m, on the other hand, quality of crystal tend to become poorer due to impurity 
The n-side contact layer 12 is made of, for example, C3aN doped with Si. Doping concentration of n-type impurity in the 
nitride semiconductor of the n-slde contact layer 1 2 is preferably in a range from 1 x 1 0^^/cm^ to 1 x 1 0^ Vcm^, and more 
preferably from 1 x 10^®/cm^ lo 1 x 10^®/cm^. When the concentration is lower than 1 x lo''^/cm^, satisfactory ohmic 

10 contact with the n electrode material cannot be obtained and therefore threshoW current and voltage cannot be 
decreased in a laser device. When the concentration is higher than 1 x lO^Vcm^, leak current in the device Increases 
and the quality of crystal deteriorate, resulting in a shorter device life. It is desirable to set the impurity concentration in 
the n-side contact layer 12 higher than that of the n-cladding layer 14 thereby to increase the carrier concentration in 
the n-slde contact layer 12. In order to reduce the ohmic contact resistance with the n electrode 23. When an electrically 

IS conductive substrate such as GaN, SiC, ZnO or the like is used as the substrate and the negative electrode is Installed 
on the back of the substrate, the n-side contact layer 12 acts as a buffer layer, not as a contact layer. 
[0102] At least one of the second buffer layer 1 1 and the n-slde contact layer 1 2 may also be made in super lattice 
structure, In which case quality of crystal of the layer are drastically improved and the threshold current can be 
decreased. Preferably the n-slde contact layer 12 which is thinner than the second buffer layer 1 1 is made in super lat- 

20 tice structure. When the n-side contact layer 1 2 is made In such a super lattice structure that the first layer and the sec- 
ond layer having different levels of band gap energy are laminated, contact resistance with the n electrode 23 can be 
decreased and the value of threshold can be decreased by exposing the layer having lower band gap energy thereby 
to form the n electrode 23. As materials to make the n electrode 23 for providing favorable ohmic contact with the n-type 
nitride semiconductor, there are metals such as Al, Ti, W, Si, Zn, Sn and In, and alloys thereof. 

25 [01 03] When the n-side contact layer 1 2 is made in super lattice structure of different impurity concentration, resist- 
ance In the transverse direction can be reduced due to an effect similar to that of HEMT described in conjunction with 
the first embodiment, ther*y making it possible to reduce the threshokJ voltage and current of the LD device. 

(Crack preventing layer 13) 

30 

[0104] Tlie crack preventing layer 13 is made of, for example. lno.1Gao.9N doped with Si in a concentration of 5 x 
lO^^/cm^ and has a thickness of. for example, 500 angstroms. The crack preventing layer 13. when formed by growing 
an n-type nitride semiconductor which Includes In, preferably InQaN, is capable of preventing cracks from developing 
in a nitride semiconductor layer which includes Al to be formed thereon. The crack preventing layer 13 is preferably 
35 grown to a thickness in a range from 100 angstroms to 0.5 ^m. When the thickness is less than 1 00 angstroms, the layer 
is difficult to function as a crack preventing layer. When the thickness is greater than 0.5 ^im. the crystal tends to be 
blackened. The crack preventing layer 13 may be omitted in case the n-skJe contact layer 12 is made in super lattice 
structure as in the case of the first embodiment, or when the n-slde cladding layer 1 4 to be grown next Is made In super 
lattice structure. 

40 

(n-side cladding layer 14 made in n-type super lattice structure) 

[0105] The n-side cladding layer Is made of n-type Alo.2Gao.8N doped with Si in a concentration of 5 x 10^®/cm^ in 
super lattice structure made by laminating the first layer 20 angstroms thick and the second layer made of undoped GaN 

46 20 angstroms thick alternately, and has an overall thickness of. for example. 0.5 ^m. The n-slde cladding layer 14 func- 
tions as a carrier trapping layer and light trapping layer and, when it is made in super lattice structure, one of the layers 
is preferably made by growing a nitride semiconductor which includes Al, preferably AIGaN. When the layer is grown to 
a thickness not less than 100 angstroms and within 2 nm, more preferably in a range from 500 angstroms to 1 jim, a 
good carrier trapping layer can be formed. While the n-side cladding layer 14 may be made by growing a single nitride 

so semiconductor, it may also be made in a super lattice layer which enables it to form a carrier trapping layer of good qual- 
ity of crystal without cracks. 

(n-skle optical wavegukie layer 15) 

ss [0106] The n-side optical waveguide layer 1 5 is made of, for example, n-type GaN doped with Si in a concentration 
of 5 X 1 0^^IcrrP and has a thickness of 0, 1 ^m. The n-side optical waveguide layer 1 5 functions as an optical waveguide 
layer for the active layer and is preferably formed by growing GaN or InGaN to a thickness usually in a range from 100 
angstroms to 5 ^im. more preferably in a range from 200 angstroms to 1 jim. The optical waveguide layer 15 may also 
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be made in super lattice structure. In case the n-side optical waveguide layer 15 and the n-side cladding layer 14 are 
made in super lattice structure, mean band gap energy of the nitride semiconductor layers which constitute the super 
lattice layer Is set to be higher than that of the active layer. When forming a super lattice layer, at least one of the first 
layer and the second layer may or may not be doped with an n-type impurity The n-side optical waveguide layer 15 may 
5 also be either a single layer of undoped nitride semiconductor or a super lattice layer made by laminating undoped 
nitride semiconductors. 

(Active layer 16) 

10 [0107] The active layer 16 is made by alternately laminating a quantum well layer which is made of. for example, 
'"0 2Qao sN doped with Si in a concentration of 8 x 10^®/cm® and has a thickness of 25 angstroms and a barrier layer 
mole of Ino.05Gao.95N doped with Si in a concentration of 8 x 10^®/cm^ and has a thickness of 50 angstroms, thereby 
forming a layer of multiple quantum well structure (MQW) having a specified thickness. In the active layer 16, either both 
or one of the quantum well layer and the bamer layer may be doped with the Impurity. When doped with an n-type impu- 

15 rity, threshold value tends to decrease. When the active layer 16 is made in multiple quantum well structure as 
described above, it is always formed by laminating the quantum well layer having a lower band gap energy and a ban'ier 
layer having a band gap energy lower than that of the quantum well layer, and is therefore distinguished from super lat- 
tice layer. Thickness of the quantum well layer is within 100 angstroms, preferably within 70 angstroms and most pref- 
erably 50 angstroms. Thickness of the ban'ier layer is within 150 angstroms, preferably within 100 angstroms and most 

20 preferably 70 angstroms. For example, the quantum well structure active layer disclosed by Japanese Non-examined 
Patent Publication No 9-148678 (U.S. Patent Application 08/743,72). 

(p-slde cap layer 17) 

25 [0108] The p-side cap layer 17 has band gap energy higher than that of the active layer 16, and is made of. for 
example, p-type AIq aOao 7N doped with Mg in a concentration of 1 x 1 0^^cm^ and has a thickness of, for example. 200 
angstroms. While the cap layer 1 7 Is preferably used in this way according to the second embodiment, the cap layer is 
formed with a small thickness and therefore may be of i-type wherein carriers are compensated by doping n-type impu- 
rity. Thickness of the p-side cap layer 17 is controlled within 0.1 ^m. more preferably within 500 angstroms, and most 

30 preferably within 300 angstroms. When grown to a thickness greater than 0.1 ^m, cracks tend to develop in the p-side 
cap layer 1 7 making it difficult to grow a nitride semiconductor layer of good quality of crystal. When the thickness of the 
p-slde cap layer 17 is greater than 0.1 ^m. the carrier cannot pass through the p-side cap layer 17, which acts as an 
energy barrier, through tunnel effect. When the penetration of carrier by tunnel effect is taken into consideration, the 
thickness is preferably set to within 500 angstroms and more preferably within 300 angstroms. 

35 [0109] The p-side cap layer 1 7 Is preferably formed by using AIQaN having a high proportion of Al in order to make 
the LD device easier to oscillate, and the LD device becomes easier to oscillate when the AIGaN layer Is made thinner. 
For example, in the case of AlvGawN with the value of Y being 0.2 or greater, the thickness is preferably controlled 
within 500 angstroms. While the lower limit of the p-side cap layer 17 is not specified, it is preferably formed to a thick- 
ness not less than 10 angstroms. 

40 

(p-side optical wavegukie layer 18) 

[01 1 0] The p-side optical waveguide layer 1 8 has band gap energy higher than that of the p-side cap layer 1 7 and 
Is made of, for example, p-type GaN doped with Mg in a concentration of 1 x lo^^/cm^ and has a thickness of 0.1 ^m, 

45 The p-side optical waveguide layer 18 functions as an optical waveguide layer for the active layer 16, and Is preferably 
formed by growing GaN, InGaN similarly to the n-side optical waveguide layer 15. This layer functions also as a buffer 
layer when growing the p-side cladding layer 19. and functions as a favorable optical waveguide layer when grown to a 
thickness In a range from 100 angstroms to 5 jim, and more preferably in a range from 200 angstroms to 1 ^m. While 
the p-side optical waveguide layer is usually rendered p-type conductivity by doping a p-type impurity such as Mg, alter- 

60 natively it may not be doped with any impurity. And the p-side optical waveguide layer may also be made in super lattice 
structure. When made in super lattice structure, at least one of the first layer and the second layer may be doped with 
a p-type impurity, or may not be doped at all. 

(p-side cladding layer 19 = super lattice layer) 

55 

[01111 The p-side. cladding layer 19 is made of p-type Alo.2Gao.8N doped with Mg in a concentration of 1 x 
1 0^o/cm^ in super lattice structure made by alternately laminating the first layer 20 angstroms thick and the second layer 
which Is made of p-type QaN and is doped with Mg in a concentration of 1 x lO^^/cm^ having a thickness of 20 ang- 
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stroms. The p-side cladding layer 19 functions as a carrier trapping layer similarly to the n-side cladding layer 14 and 
particularly functions as a layer for decreasing the resistivity of the p-type layer. While limits of thickness of the p-side 
cladding layer 19 are not specified, too, it is preferably formed to a tNckness not less than 100 angstroms and not 
greater than 2 _m, more preferably not less than 500 angstroms and not greater than 1 nm. 

5 

(p-eide contact layer 20) 

[0112] TTie p-side contact layer 20 is made of. for example, p-type GaN doped with Mg in a concentration of 2 x 
lO^^/cm^ and has a thickness of, for example. 150 angstroms. The p-side contact layer 20 can be made in a constitution 

10 of InxAIyGavx-YN (O^X. 0 ^Y, X+Y^ 1 ) of p-type, and the most preferable ohmic contact with the p electrode 21 can 
be obtained by using GaN doped with Mg as described above. Thickness of the p-type contact layer Is preferably con- 
trolled to within 500 angstroms, more preferably within 300 angstroms and most preferably within 200 angstroms. This 
Is because resistivity can be further decreased by controlling the thickness of the p-type nitride semiconductor which 
has a high resistivity of several ohm-centimeters or higher within 500 angstroms, thus reducing the threshold current 

IS and voltage. It is also made possible to increase the amount of hydrogen removed from the p-type layer, thereby further 
reducing the resistivity, 

1011 3] According to the present invention, the p-side contact layer 20 may also be made in super lattice structure. 
When making a super lattice layer, the first layer and the second layer having different values of band gap energy are 
laminated in a succession of 1st, 2nd. Ist. 2nd and so on. so that the layer having lower band gap energy is exposed 
20 at the last, in which case preferable ohmic contact with the p electrode 21 can be obtained. The p electrode 21 may be 
made of, for example, Ni, Pd. Ni/Au. etc. 

[0114] According to the second embodiment, an insulating film 25 made of Si02 is formed on the surface of nitride 
semiconductor layer exposed between the p electrode 21 and an n electrode 23 as shown in Fig, 2, while the p pad 
electrode 22 which is electrically connected to the p electrode 21 via an aperture formed in the Insulating film 25 and 
ss an n pad electrode 24 connected to the n electrode 23 are formed. The p pad electrode 22 increases the substantial 
surface of the p pad electrode 22 so that the side of p electrode can be wire-bonded and die-bonded, and the n pad 
electrode 24 prevents the n electrode 23 from peeling off. 

[01 1 5] "me nitride semiconductor device of the second embodiment has the p-type cladding layer 1 9 of good quality 
of crystal which is a super lattice layer made by laminating the first layer and the second layer with a film thickness within 
30 the elastic strain limit. With this configuration of the nitride semiconductor device according to the second embodiment, 
resistance of the p-side cladding layer 19 can be decreased to a level at least one order of magnitude lower than that 
of a p-type cladding layer which does not have super lattice structure, and therefore threshold voltage and current can 
be reduced. 

[0116] Also in the nitride semiconductor device of the second embodiment, a nitride semiconductor having a low 

35 band gap energy is formed as the p-side contact layer 20 having a small thickness of 500 angstroms or less in contact 
with the p-side cladding layer 19 which includes p-type AlyGaLYN, so that the carrier concentration of the p-side con- 
tact layer 20 is substantially increased and favorable ohmic contact with the p electrode can be obtained, thereby mak- 
ing it possible to decrease the threshold current and voltage of the device. Further, because the second buffer layer 1 1 2 
is installed before growing the n contact layer, the nitride semiconductor layer to be grown on the second buffer layer 

40 112 can be rendered good quality of crystal and a long-life device can be made. When the n-side contact layer which 
Is grown on the second buffer layer 112 is made in super lattice structure, resistance in the transverse direction is 
reduced thereby making it possible to make a device having low threshold voltage and threshold current. 
[01 17] In case a nitride semiconductor which includes at least indium, such as InGaN. is provided in the active layer 
1 6 in the LD device of the second embodiment 2, it is preferable that a super lattice layer made by alternately laminating 

46 InxGai.xN and AlyGai .yN Is used as layers which interpose the active layer 16 (the n-side cladding layer 1 4 and the p- 
side cladding layer 19). When configured in this way. differences in the band gap energy and refractive index between 
the active layer 16 and the super lattice layer can be increased, so that the super lattice layer can act as an excellent 
light trapping layer when a laser device is manufactured. Moreover, because InGaN has softer crystal characteristic 
than other nitride semiconductors which include Al such as AIGaN, cracks are less likely to develop throughout the lam- 

50 inated nitride semiconductor layers when InGaN is used in the active layer, mus the service life of the LD device can 
be elongated. 

[01 18] In the case of a semiconductor device of double-hetero structure having the active layer 1 6 of quantum well 
structure as in the second embodiment, it Is preferable that the p-side cap layer 17 made of a nitride semiconductor 
which has band gap energy higher than that of the active layer 16 and a thickness within 0.1 ^m. preferably the p-side 
55 cap layer 1 7 made of a nitride semiconductor which includes Al is installed in contact with the active layer 1 6, the p-slde 
optical waveguide layer 1 8 having a band gap energy lower than that of the p-side cap layer 1 7 is installed at a position 
farther than the p-side cap layer 17 from the active layer, and a nitride semiconductor having a band gap energy higher 
than that of the p-side optical waveguide layer 18, preferably the p-side cladding layer 19 having super lattice structure 
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which includes a nitride semiconductor including Al, is installed at a position farther than the p-side optical waveguide 
layer 18 from the active layer. Because the p-side cap layer 17 is made with a high band gap energy, electrons injected 
from the n layer are blocked by the p-side cap layer 17 and trapped, so that the electrons do not overflow the active 
layer, thus resulting in less leakage current in the device. 

s [0119] While configurations of the nitride semiconductor device according to the second embodiment which are 
preferable as the configuration of laser device are described above, the present invention is not limited to any partk^ular 
device configuration and is applicable as long as at least one n-type super lattice layer is provided in the semiconductor 
region 202 on n conductivity side below the active layer 16, and at least one p-type super lattice layer is provided in the 
semiconductor region 252 on p conductivity side above the active layer 16. However, it is most preferable for the pur- 

10 pose of reducing the values of Vf and threshold of the device, that the p-type super lattice layer is formed in the p-side 
cladding layer 19, which acts as a cannier trapping layer, when provided in the semiconductor region 252 on p conduc- 
tivity side, and is formed in the n contact layer 12, which acts as a current injection layer which the n electrode 23 is in 
contact with, or the n cladding layer 14. which acts as a can-ier trapping layer, when provided in the semiconductor 
region 202 on n conductivity side. It is a matter of course that the configuration similar to that of the device of the second 

15 embodiment can be applied to an LED device (except for that a ridge is not necessary for the LED device). 

[0120] In the nitride semiconductor device of the second embodiment configured as described above, it is prefera- 
ble that the device be annealed in an atmosphere which does not include H, for example nitrogen atmosphere, at a tem- 
perature not lower than 400**C, for example 700°C, after the layers have been formed. This process decreases the 
resistance of each layer of the p-type nitride semiconductor region further, thereby decreasing the threshold voltage f ur- 

20 ther. 

[0121] Also in the nitride semiconductor device of the second embodiment, the p electrode 21 made of Ni and Au 
is formed in the form of stripe on the surface of the p-sWe contact layer 12, while the n-side contact layer is exposed 
symmetrically with respect to the p electrode 21 and the n electrode 23 is installed to cover nearly the entire surface of 
the n-side contact layer. When an insulating substrate Is used, such a configuration of providing the n electrode 23 sym- 

25 metrically on both sides of the p electrode 21 is very advantageous in decreasing the threshold voltage, 

[0122] According to the second embodiment, a multi-layer dielectric film made of SiOg and TiOg may be formed on 
the cleavage plane (plane of resonator) which is perpendicular to the ridge (stripe-shaped electrode). 
[0123] According to the present invention, because the super lattice layer is used either as the cladding layer which 
acts as the carrier trapping layer formed in the n-type region or p-type region interposing the active layer, or as an opti- 

30 cal waveguide layer of the active layer or as a current injection layer provided with an electrode being formed in contact 
therewith, it is preferable to control the mean band gap energy of the nitride semiconductor which constitutes the super 
lattice layer to be higher than that of the active layer. 

Embodiment 3 

35 

[0124] Fig. 3 is a schematic cross sectional view showing the configuration of the nitride semiconductor device 
according to the third embodiment of the present invention. The nitride semiconductor device of the third embodiment 
is a laser diode of stripe electrode type using the end face of the active layer as a resonance plane, and Fig. 3 sche- 
matically shows the cross section of the device when cut in a direction perpendicular to the direction of propagation of 
40 laser light. The third embodiment of the present invention will be described below by referring to Fig. 3. 
[0125] In Fig. 3, reference numerals refer to the following components. 

[0126] 100 denotes a QaN substrate of a thickness not less than 10 jim which is grown on an auxiliary substrate 
made of a material other than nitride semiconductor, for example a substrate made of such material as sapphire, spinel, 
SiC, Si, GaAs and ZnO. The auxiliary substrate may be removed after the QaN substrate 100 is formed as shown in 
45 Fig. 3. or may be left to remain thereon and used without removing as in the case of an embodiment to be described 
later (Fig. 8). 

[0127] 1 1 denotes a buffer layer made of Si-doped n-type QaN, which also functions as an n-side contact layer in 
the third embodiment. 

[0128] 14 denotes an n-side cladding layer of super lattice structure made by laminating Si-doped n-type 
so AIq aGao sN (first nitride semiconductor layer) 40 angstroms thtek and undoped QaN layer (second nitride semiconduc- 
tor layer) 40 angstroms thick, alternately in 100 layers. In the third embodiment, the n-side cladding layer 14 Is formed 
at a position located apart from the active layer. 

[0129] 15 denotes an n-side guide layer made of. for example, undoped QaN which is placed between the n-side 
cladding layer 14 and the active layer 16 and has a band gap energy lower than that of Alo.2Qao.8N of the n-side clad- 
ss ding layer 14. 

[0130] A semiconductor region 203 of n conductivity side is constituted from the n-sWe buffer layer 1 1 , the n-side 
cladding layer 14 and the n-side optical waveguide layer 15. 

[0131] 16 denotes an active layer of multi-quantum well structure made by laminating three quantum well layers 
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made of Alo.aGao.sN with a thickness of 30 angstroms and two barrier layers made of lno.05Qao.95N having a band gap 
energy higher than that of the quantum well layers and thickness of 30 angstroms, alternately, in five layers in all. 
[0132] 17 denotes a p-slde cap layer made of, for example, Mg-doped p-type Alo aGao.yN which has a band gap 
energy higher than the band gap energy of the quantum well layers of the active layer 16 and higher than the band gap 
energy of the p-side optical waveguide layer 18. The band gap energy of the p-skie cap layer 17 is preferably set to be 
higher than that of the nitride semiconductor layer (fourth nitride semiconductor layer) which has less band gap energy 
among the p-side cladding layer 19 of the super lattice structure. 

[0133] 18 denotes the p-side guide layer made of, for example, undoped QaN which is placed between the p-side 
cladding layer 19 and the active layer 16 and has a band gap energy lower than that of Alo,2Qao.8N of the p-side clad- 
ding layer 19. 

[0134] 19 denotes a p-slde cladding layer of super lattice structure niade by laminating Mg-doped p-type 
AIq gGao sN which is 40 angstroms thick and undoped GaN layer 40 angstroms thicK alternately in 100 layers, located 
apart from the active layer. 

[0135] 20 denotes a p-slde contact layer made ot for example. Mg-doped GaN which has a band gap energy lower 
than that of the AIq 2Gao.8N of the p-side cladding layer 19. 

[01 36] A semiconductor region 253 of p conductivity side is constituted from the p-side cap layer 1 7, the p-side opti- 
cal waveguide layer 18, the p-side cladding layer 19 and the p-side contact layer 20. 

[0137] As described above, the laser device of the third embodiment of the present invention has such a structure 
as the nitride semiconductor layers 1 1 and 14 through 20 are laminated on the GaN substrate 100. wherein stripe ridge 
is formed on the nitride semiconductor layer located over the p-side cladding layer 19 and the p electrode 21 is formed 
on substantially the entire surface of the p-side contact layer 20 located on the outermost surface of the ridge. On the 
surface (top surface) of the exposed n-side buffer layer 1 1 . on the other hand, is formed the n electrode 23. In the third 
embodiment, the n electrode 23 is formed on the surface of the n-side buffer layer 1 1 , but because the GaN substrate 
100 is used as the substrate, such a configuration may also be employed as the portion where the n electrode is to be 
formed is etched down to the QaN substrate 100 thereby to expose the surface of the GaN substrate 100. then the n 
electrode is formed on the exposed QaN substrate 100 so that the p electrode and the n electrode are provided on the 
same skJe. An insulating film 25 made of, for example. Si02 Is formed on the exposed surface of the nitride semicon- 
ductor except for the top of the n electrode 23 and the p electrode 21 , while the n pad electrode 22 and the n pad elec- 
trode 24 are provided for the purpose of bonding for the connection with the p electrode 21 and the n electrode 23 via 
the apertures in the insulating film 25 above the n electrode 23 and the p electrode 21 . While the region comprising the 
nitride semiconductor layers placed between the active layer and the p electrode is referred to as the semiconductor 
region of p conductivity side, this does not mean that all the nitride semiconductor layers constituting the semiconductor 
region have p-type conductivity. Similarly, the region comprising the nitride semiconductor layers placed between the 
active layer and a QaN substrate 100 is referred to as the semiconductor region of n-side conductivity, this does not 
mean that all the nitride semiconductor layers constituting the region have n-type conductivity, as described previously. 
[01 38] The laser device according to the third embodiment of the present invention has the n-side cladding layer 1 4 
of super lattice structure made by laminating the first nitride semiconductor layer having a high band gap energy and 
the second nitride semiconductor layer having a band gap energy lower than that of the first nitride semiconductor layer, 
the two layers having different impurity concentrations, provided at positions apart from the active layer 1 6 in the n-side 
nitride semiconductor layer located below the active layer 16 shown in Fig. 3. Thickness of the first nitride semiconduc- 
tor layer and the second nitride semiconductor layer which constitute the super lattice layer is preferably controlled to 
be within 100 angstroms, more preferably within 70 angstroms and most preferably within a range from 10 to 40 ang- 
stroms. When the thickness is greater than 100 angstroms, the first nitride semiconductor layer and the second nitride 
semiconductor layer become thicker than the elastic strain limit and microscopic cracks or crystal defect tend to develop 
In the film. While the lower limit of the thickness of the first nitride semiconductor layer and the second nitrkJe semicon- 
ductor layer is not specified according to the present invention and may be of any value as long as It is monoatomic layer 
or thicker, it is preferably 10 angstroms or greater. Further, the first nitride semiconductor layer is preferably made by 
growing a nitride semiconductor which Includes at least Al, preferably AlxGa^x^ (0<X£1). While the second nitride 
semiconductor layer may be anything as long as it is a nitride semiconductor having a band gap energy lower than that 
of the first nitride semiconductor layer, It is preferably made of a nitride semiconductor of binary mixed crystal or ternary 
mixed crystal such as AlyGai-YN (OsY<1 , X>Y) and In^Qa^.^N (0^2:<1) which can be grown easily and provide good 
quality of crystal. According to the present invention, it is more preferable that the first nitride semiconductor be AlxQai. 
xN (0<X<1) which does not include In and the second nitride semiconductor be InzGa^.z^ (0^Z<1) which does not 
include Al. and most preferably the first nitride semiconductor is AlxGa^xN (0<X^0.3) with the mixing proportion of Al 
(value of Y) being 0.3 or less and the second nitride semiconductor is GaN, for the purpose of obtaining super lattice of 
excellent quality of crystal. 

[0139] When the first nitride semiconductor is made by using AlxGai.xN (0<X<1) and the second nitride semicon- 
ductor is made by using GaN. a remarkable advantage in terms of manul^cture as described below can be obtained. 
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That is, when forming the AlxGa^^xN {0<X<1) layer and the GaN layer by metal organic vapor phase deposition process 
(MOVPE: metal organic vapor phase epitaxy), every layer can be grown in the same H2 atmosphere. Therefore, a super 
lattice layer can be formed by growing the AlxGai.xN (0<X<1} layer and the GaN layer alternately without changing the 
atmosphere. This provides a remarkable advantage when manufacturing the super lattice layer which requires several 

5 tens to several hundreds of layers to be laminated. 

[0140] The cladding layer which has the functions of light trapping layer and cannier trapping layer must have a band 
gap energy higher than that of quantum well structure of the active layer. Although a nitride semiconductor of high mix- 
ing proportion of Al can be used to make a nitride semiconductor layer of a relatively high band gap energy, it has been 
very difficult to grow a crystal of nitride semiconductor of high mixing proportion of Al. because of cracks which are likely 

10 to develop in a thick film. When formed In a super lattice layer as in the case of the present Invention, however, cracks 
are made less likely to occur because the crystal is grown to a thickness within the elastic strain limit, even when the 
AlGaN layer formed as the first nitride semiconductor layer constituting the super lattice layer is made with a somewhat 
high mixing proportion of Al. With this configuration, in the present invention, a layer having a high mixing proportion of 
Al can be grown with good quality of crystal, and therefore it Is made possible to form a cladding layer having good 

IS effects of light trapping and carrier trapping, thereby reducing the threshold voltage in the laser device. The present 
invention can also be applied to LED devices, in which case it is made possible to decrease Vf (fonA^ard voltage) in the 
LED device; 

[0141] Further in the laser device according to the third embodiment of the present invention, n-type impurity con- 
centration Is set to be different between the first nitrkJe semiconductor layer and the second nitride semiconductor layer 

20 of the n-slde cladding layer 14. This configuration is the so-called modulation doping. When one layer is made with 
lower n-type impurity concentration or is preferably undoped with the impurity and the other layer is doped in a higher 
concentration, this modulation doping is also capable of decreasing the threshold voltage and Vf. This is because the 
presence of a layer having a low impurity concentration in the super lattice layer increases the mobility in the layer, and 
coexistence of a layer having a high concentration of impurity makes it possible to form a super lattice layer even when 

2ff the carrier concentration is high. That is, it is supposed that the coexistence of a layer of low impurity concentration and 
high mobility and a layer of high impurity concentration and high carrier concentration allows a layer having a high impu- 
rity concentration and high mobility to be a cladding layer, thus decreasing the threshold voltage and vf. 
[0142] When a nitride semiconductor layer having a high band gap energy is doped with an impurity in a high con- 
centration, the modulation doping effect is supposed to generate two dimensional electron gas between a high impurity 

30 concentration layer and a low impurity concentration layer, so that the resistivity decreases due to the effect of the two 
dimensional electron gas. In a super lattice layer made by laminating a nitride semiconductor layer which is doped with 
an n-type Impurity and has a high band gap energy and an undoped nitride semiconductor layer with a low band gap 
energy, for example, the barrier layer side is depleted in the hetero-junction interface between the layer which is doped 
with the n Impurity and the undoped layer, while electrons (two dimensional electron gas) accumulate in the vicinity of 

35 the interface on the side of the layer having lower band gap. Since the two dimensional electron gas is formed on the 
lower band gap side and therefore the electron movement is not subject to disturbance by the impurity, electron mobility 
In the super lattice increases and the resistivity decreases. It Is also supposed that the modulation doping on p side is 
caused by the effect of the two dimensional positive hole gas. In the case of p layer, AlGaN has higher resistivity than 
GaN has. Thus it is supposed that, because the resistivity is decreased by doping AlGaN with p type impurity in a higher 

40 concentration, a substantial decrease Is caused in the resistivity of the super lattfoe layer, thereby making it possible to 
decrease the threshold value when the laser device is made. 

[0143] When a nitride semiconductor layer having a low band gap energy is doped with an impurity In a high con- 
centration, such an effect as described below is expected to be produced. When the AIQaN layer and the GaN layer are 
doped with the same amounts of Mg, for example, acceptor level of fVlg becomes deeper and the activation ratio 

45 becomes lower in the AlGaN layer. In the GaN layer, on the other hand, acceptor level of Mg becomes less deep and 
the Mg activation ratio becomes higher than in the AlGaN layer. When doped with Mg in a concentration of 1 x 
lO^^/cm®, for example, carrier concentration of about 1 x iQ^^/cm^ is obtained in GaN, while the concentration obtained 
In AlGaN is only about 1 x lo''^/cm^. Hence in the present invention, a super lattice layer Is made from AlGaN and GaN 
and the GaN layer from which higher carrier concentration can be expected Is doped with greater amount of impurity. 

so thereby forming super lattice of a high carrier concentration. Moreover, because tunnel effect causes the carrier to move 
through the AlGaN layer of a lower impurity concentration due to the super lattice structure, the carrier can move in the 
AlGaN layer under almost no influence of the impurity, while the AIQaN layer functions also as a cladding layer having 
a high band gap energy. Therefore, even when the nitride semiconductor layer of lower band gap energy Is doped with 
a greater amount of impurity, very good effect can be obtained In decreasing the threshold voltage of the laser device 

55 or LED device. The above description deals with a case of forming the super lattice layer on p-type layer side, although 
similar effect can be obtained also when a super lattice layer is formed on the n layer side. 

[0144] When the first nitride semiconductor layer having a higher band gap energy is doped with an n-type impurity 
in a high concentration, the amount of doping In the first nitride semiconductor layer is preferably controlled within a 
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range from 1 x 10^^/cm^ to 1 x lO^^/cm^. or more preferably within a range from 1 x 10^®/cm^ to 5 x When 
the impurity concentration is lower than 1 x 10^ ^/cm^. the difference from the concentration in the second nitride sem- 
iconductor layer becomes too small to obtain a layer of high carrier concentration. When the impurity concentratbn is 
higher than 1 x 10^^/cm^, on the other hand, leal< cun-ent in the device itself tends to increase. Meanwhile the n-type 

5 impurity concentration in the second nitride semiconductor layer may be at any level as long as It is lower than that of 
the first nitride semiconductor layer, but it is preferably lower than one tenth of the latter. Most preferably the second 
nitride semiconductor layer is undoped, in which case a layer of the highest mobility can be obtained. However, because 
each of the component layers of a super lattice layer is thin, some of the n-type impurity diffuses from the first nitride 
semiconductor into the second semiconductor layer. Though even in this case, effects of the present invention can be 

10 obtained when the n-type impurity concentration in the second nitride semiconductor layer is within 1 x 10^^/cm^. The 
n-type impurity is selected from among the elements of IVB group and VIB group of the periodic table such as Si. Qe, 
Se, S and O. and preferably selected from among Si, Ge and 8. The effect is the same also in case the first nitride sem- 
iconductor layer having a higher band gap energy is doped with less amount of n-type impurity and the second nitride 
semiconductor layer having a lower band gap energy is doped with greater amount of N-type impurity 

15 [01451 The laser device according to the third embodiment of the present invention has the p-side cladding layer 19 
of super lattice structure made by laminating a third nitride semiconductor layer having a high band gap energy and a 
fourth nitride semiconductor layer having a band gap energy lower than that of the third nitride semiconductor layer, the 
two layers having different impurity concentrations, provided at positions apart from the active layer 16 in the p-side 
nitride semiconductor layer located above the active layer 16 shown in Fig. 3. Thickness of the third nitride semiconduc- 

20 tor layer and the fourth nitride semiconductor layer which constitute the super lattice layer are preferably controlled to 
be within 100 angstroms, more preferably within 70 angstroms and most preferably within a range from 10 to 40 ang- 
stroms, as In the case of the n-side cladding layer 1 4. Similarly, the third nitride semiconductor layer is preferably made 
by growing a nitride semiconductor which includes at least Al. preferably AlxQai-xN (0 <Xsi). The fourth nitride semi- 
conductor is preferably made of a nitride semiconductor of binary mixed crystal or ternary mixed crystal such as 

25 AlYQai-yN {0*Y<1 , X>Y) or InzQai.zN (O^Z^I). 

[0148] When the p-type cladding, layer 19 is made in super lattice structure, the super lattice structure has the 
same effect on the laser device as that of the n cladding layer 14, and also has such an effect as follows in addition to 
the case of forming on the n layer side. That is, the p-type nitride semiconductor has resistivity which is usually at least 
two orders of magnitude higher compared to n-type nitride semiconductor. Therefore, when a super lattice layer is 

30 formed on the p layer side, remarkable effect of reducing the threshold voltage is obtained. Nitride semiconductor is 
known to be a semiconductor which is difficult to obtain in the form of p-type crystal. Such a process has been known 
where a nitride semiconductor layer doped with a p-type impurity is annealed and then hydrogen is removed thereby 
manufacturing a p-type crystal (Japanese Patent No. 2540791). However, the p-type nitride semiconductor thus 
obtained has resistivity as high as several ohm-centimeters at the lowest. By turning this p-type layer into a super lattice 

35 layer, better quality of crystal can be obtained and the resistivity can be reduced at least one order of magnitude lower 
than that of the prior art. thereby making it possible to decrease the threshold voltage. 

[0147] In the third embodiment, the third nitride semiconductor layer and the fourth nitride semiconductor layer off 
the p-type cladding layer 19 are set to have different concentrations of p-type impurity, so that one layer has a high 
impurity concentration and the other layer has a lower impurity concentration. Similarly to the case of the n-side clad- 
40 ding layer 14. threshold voltage and Vf can be decreased by doping the third nitride semiconductor layer which has a 
high band gap energy with the p-type impurity in a higher concentration and doping the fourth nitride semiconductor 
layer which has a low band gap energy with the p-type impurity in a lower concentration. 

[0148] A configuration reverse to the above is also possible: the third nitride semiconductor layer which has high 
band gap energy is doped with the p-type impurity in a lower concentration and the fourth nitride semiconductor layer 
45 which has low band gap energy is doped with the p-type impurity in a higher concentration. The reason is as described 
previously 

[0149] The amount of doping in the third nitride semiconductor layer is preferably controlled within a range from 1 
X 10^^/cm^ to 1 X lO^Vcm^, or more preferably within a range from 1 x 10^ ^/cm^ to 5 x lO^°/cm^. When the impurity 
concentration Is lower than 1 x 1 0^^/cm^, the difference from the concentration in the fourth nitride semiconductor layer 

so becomes too small to obtain a layer of high carrier concentration. When the impurity concentration is higher than 1 x 
lO^Vcm^, on the other hand, quality of crystal tend to deteriorate. Meanwhile the p-type impurity concentration in the 
fourth nitride semiconductor layer may be at any level as long as it is lower than that of the third nitride semiconductor 
layer, but it is preferably lower than one tenth of the latter Most preferably the fourth nitrkie semiconductor layer is 
undoped, in order to obtain the highest mobility. In practice, however, because the film is thin, some of the p-type impu- 

55 rity diffuses from the third nitride semiconductor. In order to obtain goad effect In the present invention, the concentra- 
tion is preferably within 1 x lO^°/cm^. The p-type Impurity Is selected from among the elements of HA group and IIB 
group of the periodic table such as Mg. Zn, Ca and Be, and preferably selected from among Mg and Ca. The above 
applies also to such a case as the third nitrkJe semiconductor layer having higher band gap energy is doped with less 
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amount of p-type impurity and the fourth nitride semiconductor layer having lower band gap energy ie doped with 
greater amount of p-type impurity. 

[0150] In the nitride semiconductor layer constituting the super lattice layer, the layer doped with the impurity in a 
higher concentration is preferably doped so that such a distribution of impurity concentration is obtained, that the impu- 

5 rity concentration is high In the middle portion of the semiconductor layer In the direction of thickness (located far from 
the second nitride semiconductor layer or the fourth nitride semiconductor layer) arKi Is low (or undoped) in the portions 
near the ends (portions adjacent to the second nitride semiconductor layer and the fourth nitride semiconductor layer). 
When the super lattice layer is formed from the AIQaN layer doped with Si as n-type impurity and the undoped GaN 
layer, the AIQaN layer releases electrons as donor into the conductive band because It Is doped with SI, the electrons 

10 fall in the conductive band of the GaN which has a low potential. Because the GaN crystal is not doped with the donor 
impurity, canier dlsturi^ance due to an impurity does not occur. Thus the electrons can move easily in the GaN crystal, 
namely high electron mobility is obtained. This is similar to the effect of the two dimensional electron gas described pre- 
viously, thus increasing the mobility of the electrons substantially in the transverse direction and decreasing the resis- 
tivity. In the AIQaN layer having a high band gap energy, the effect Is further enhanced when the central region relatively 

15 apart from the GaN layer is doped with the n-type Impurity in a high concentration. That is, among the electrons that 
move in GaN, electrons passing through a portion near the AIQaN are more or less subject to disturbance by the n-type 
impurity ions (Si in this case) which are present In a portion of the AIQaN layer adjacent to the QaN layer. However, 
when a portion of the AIQaN layer adjacent to the GaN layer is undoped as described above, electrons passing through 
the portion near the AIGaN layer become less subject to the disturbance of Si, and therefore mobility in the undoped 

20 QaN layer is further improved. Similar effect is obtained also when super lattice is formed from the third nitride semi- 
conductor layer of the p layer side and the fourth nitride semiconductor layer, although the action is different somewhat, 
and It Is preferable that the third nitride semiconductor layer having a high band gap energy be doped with the p-type 
impurity in a higher concentration at the middle portion thereof and doped In a lower concentration or undoped at all at 
portions which are adjacent to the fourth nitride semiconductor layer. Although the impurity concentration distribution 

2S may also be realized In the nitride semiconductor layer having a low band gap energy doped with the n-type impurity in 
a higher concentration, a super lattice layer made by doping the nitride semiconductor layer of a lower band gap energy 
has less effect. 

[0151] While the configurations where the n-side cladding layer 14 and the p-side cladding layer 19 are made in 
super lattice layer structure have been described above, according to the present invention, the n-side buffer layer 1 1 
30 acting as a contact layer, the n-slde optical waveguide layer 1 5. p-side cap layer 1 7, the p-side optical waveguide layer 
1 8, p-side contact layer 20. or the like may also be formed In super lattice structure. That is, any layer, whether it makes 
contact with the activation or not, may be formed in super lattice structure. When the n*slde buffer layer 1 1 whereon the 
n electrode is formed Is formed in super lattice structure, in particular, the effect similar to that of HEMT can be easily 
obtained. 

35 [0152] Further in the laser device according to the third embodiment of the present Invention, the n-side optical 
waveguide layer 1 5 in which the Impurity (n-type impurity in this case) concentration Is controlled within 1 x 10^^/cm^ is 
formed between the n-side cladding layer 14 made of super lattice layer and the active layer 16, as shown in Fig. 3. 
Even when the n-side optical waveguide layer 15 is undoped, there is a possibility that the n-type impurity from other 
layers diffuses into this layer, although the effect of the present invention will not be lost provided that the concentration 

40 of the doped impurity is within 1 x 1 0^^/cm^. in which case the n-side optical waveguide layer 1 5 functions as an optical 
waveguide layer. However, according to the present Invention, impurity concentration in the n-side optical waveguide 
layer 15 is preferably within 1 x 10''%m^, more preferably within 1 x lo'^^/cm^, and most preferably the n-side optical 
waveguide layer 15 is undoped. It Is also preferable that the n-side optical wavegukJe layer 15 be formed from a nitride 
semiconductor which includes In or from QaN. 

45 [0153] Also in the laser device according to the third embodiment, the p-side optical waveguide layer 18 in which 
the impurity (p-type impurity in this case) concentration is controlled within 1 x 10^®/cm^ is formed between the p-slde 
cladding layer 19 made of super lattice layer and the active layer 16. According to the present invention, impurity con- 
centration in the p-side optical waveguide layer 18 may be within 1 x 10^^/cm^. but is preferably controlled within 1 x 
10^^/cm^ and most preferably the p-side optical waveguide layer 18 is undoped. While a nitride semiconductor shows 

50 n-type conductivity when undoped, conductivity of the p-side optical waveguide layer 18 may be either n-type or p-type 
according to the present Invention and is referred to as p-side optical waveguide layer regardless of the conductivity 
type in this specification. In practice, there is a possibility that the p-type impurity from other layers diffuses into the p- 
side optical waveguide layer 18. It Is preferat}le that the p-side optical wavegukJe layer be also formed from a nitrkle 
semiconductor which includes In or from QaN. 

55 [0154] The reason why it is preferable that an undoped nitride semiconductor be interposed between the active 
layer and the cladding layer is as follows. A nitride semiconductor is designed to have the active layer emit light of wave- 
length usually In a range from 360 to 520 nm, more particularly from 380 to 450 nm. An undoped nitride semiconductor 
has lower absorptance for light of the wavelength region described above, than nitrkle semiconductors doped with n- 



Patent provided by Sughrue^ion. PLLC - http://www.sughrue.com 



EP 1017 113 A1 



type impurity or p-type impurity. Therefore, wlien an undoped nitride semiconductor is interposed between a light emit- 
ting active layer and a cladding layer which acts ae a light trapping layer, light emitted by the active layer is subject to 
less attenuation and it is made possible to make a laser device which oscillates with a low gain while decreasing the 
threshold voltage. This effect can be achieved when the Impurity concentration in the optical waveguide layer is within 
5 1 X 10^^/cm^. 

[0156] Thus a preferred embodiment of the present invention is a light emitting device which Is located apart from 
an active layer and has a cladding layer of super lattice structure that has been modulation-doped with an Impurity, and 
a guide layer which is doped with an impurity in a low concentration or preferably undoped, interposed between the 
cladding layer and the active layer 

10 [0156] Further preferred embodiment is the light emitting device of the third embodiment wherein a quantum well 
layer of active layer and the p-side cap layer 17 made of a nitride semiconductor of thictaiess 0.1 ^m or less having a 
band gap energy higher than the band gap energy of the Interface of the p-side guide layer 18 is formed between the 
p-side guide layer 18 and the active layer 16. with the impurity concentration in the p-side cap layer being controlled at 
1 X lO^®/cm® or higher. Thickness of the p-type cap layer 1 7 Is controlled within 0.1 ^m, more preferably within 500 ang- 

15 stroms. and most preferably within 300 angstroms. When grown to be thicker than 0. 1 ^im, cracks tend to develop in the 
P"type cap layer 17 thus making rt difficult to grow a nitride semiconductor layer of good quality of crystal. When a thin 
layer having a high band gap energy is formed to a thickness within 0.1 ^im adjacent to the active layer, leak current in 
the light emitting device can be decreased. This causes the electrons injected from the n layer side to accumulate in the 
active layer due to the energy barrier of the cap layer, resulting in increased probability of recombination of electrons 

20 and positive holes, thereby making it possible to increase the output power of the device. It is necessary to control the 
impurity concentration In the cap layer at 1 x 10^®/cm^ or higher. That is, the cap layer has a relatively high proportion 
of mixed Al, and a layer having a high proportion of mixed Al tends to have high resistance. Therefore, unless the layer 
is doped with an impurity to increase the carrier concentration and reduce the resistivity, the layer becomes similar to i 
layer of high resistance, thus forming p-i-n structure with poor cun-ent-voltage characteristics. The cap layer provided 

25 on the p side may also be formed on the n skde. When formed on the n side, doping of the n-type impurity is not neces- 
sary. 

[0157] In the laser device of the third embodiment constituted as described above, because the n-side cladding 
layer 14 and the p-side cladding layer 19 are made In super lattice structure, electric resistance and the threshoW volt- 
age of the n-side cladding layer 14 and the p-side cladding layer 19 can be reduced and the laser can be oscillated for 
30 a long period of time. 

[0158] In the laser device of the third embodiment, reduction of the threshold voltage is attempted with various 
means as described above, in addition to the constitution of the n-side cladding layer 1 4 and the p-side cladding layer 
19 in super lattice structure. 

[0159] Although tiie n-side cladding layer 1 4 and the p-side cladding layer 1 9 are made in super lattice structure in 
35 the third embodiment, the present invention is not limited to this configuration and either one of the n-side cladding layer 
1 4 and the p-side cladding layer 1 9 may be made in super lattice structure. With such a configuration, too, the tiireshold 
voltage can be reduced compared to the prior art. 

[0160] Although the n-side cladding layer 1 4 and the p-side cladding layer 19 are made in super lattice structure in 
the third embodiment, the present Invention Is not limited to this configuration and it suffices that any one or more of the 
40 p-side and n-skJe nitrkie semiconductor layers other than tiie n-side cladding layer 14 and tiie p-side cladding layer 19 
may be made in super lattice structure. With such a configuration, too, the threshold voltage can be reduced compared 
to the prior art. 

[0161] Although the n-side cladding layer 1 4 and the p-side cladding layer 19 are made in super lattice structure in 
the laser device of the third embodiment, the present invention is not limited to this configuration and can be applied to 
45 other nitrtete semk;onductor devices such as Tight emitting diode (LED), as a matter of course. With such a configuration, 
Vf (fonA^ard voltage) can be reduced in the case of a light emitting diode. 

[01 62] As described above, because the laser device of the third embodiment has the cladding layer made in super 
lattice layer made by modulation doping of an impurity, the threshoW voltage can be decreased and oscillation can be 
continued for a long period of time. Also the laser device can be set to a high characteristic temperature which makes 

so it possible to make a good laser device. The characteristic temperature is the threshold current density as a function of 
temperature, which is proportional to exp (T/Tq). where T is the operating temperature (K) and Tq is the characteristic 
temperature (K). In the laser device, higher value of Tq allows lower threshold current density even at a high tempera- 
ture, resulting in stable operation. In the laser device of embodiment 27 to be described later, for example, Tq Is as high 
as 150K or over. This value indicates excellent temperature characteristic of the LD. Thus when the laser device of the 

55 present invention is used as a writing light source and/or reading light source, a capacity not obtained with the prior art 
can be achieved, providing a great value of industrial utilization 
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Embodiment 4 

[01 63] Fig. 9 Is a schematic perspective view showing the shape of the laser device according to the fourth embod- 
iment of the present invention. Fig. 9 also shows the cross section of the device when cut in a direction perpendicular 
to the ridge stripe. The fourth embodiment of the present Invention will be described below by referring to Fig. 9, 
[01 64] Each layer of the laser device according to the fourth embodiment Is formed In a manner as described below, 

(Underlying layer 302) 

[0165] The underlying layer 302 Is. for example, made of QaN and has a thickness of 4 jim. The underlying layer 
302 Is formed via a 200 -angstrom-thick buffer layer (not shown) consisting of QaN on an auxiliary substrate 301 made 
of. for example, sapphire. The underlying layer 302 forms partially a protective film on the surface and is used for the 
layer on which the nitride semiconductor substrate Is to be grown selectively The underlying layer 302 is made of GaN 
or AlxQa^xN and in the case of including Al, AI^Ga^xN (OsXsO.5) having a Al mixed crystal ratio exceeds 0.5, cracking 
easily occurs in the crystal Itself, rather than the crystal defects, resulting in difficulty of the crystal growing itself. The 
under lying layer 302 is desirably grown to a larger thickness than that of the buffer layer and adjusted to not more than 
10 \m. The auxiliary substrate 301 maybe made of SiC, ZnO, spinel. GaAs and the like, as well as sapphire, which are 
known to be used fbr growing the nitride semiconductors and are different from nitride semiconductors. 

(Protective film 303) 

[0166] Fbr a protective film 303, 1-jim-thick Si02 film having a sufficient length in the resonating direction Is pat- 
terned to form lO-fim-wide stripe windows with a periodicity of 2 ^m on the underlying layer 302. The examples of the 
protective film may Include stripes, dots or checks. The protective film 303 may preferably have a larger area than the 
windows (the exposed parts of the underlying layer 302 on which the SiOa is not formed), so as to grow a nitride sem- 
iconductor substrate 304 with less crystal defects. The materials of the protective film 303 may include oxides such as 
silicon oxkde (SiOx). silicon nitride (SixNiy). titanium oxide (TiOx) and zirconium oxide (ZrOJ, nitrides, or multi-layer film 
thereof, as well as metals having a melting point higher than 1200*'C. These materials can stand at high temperatures 
ranging between 600°C and 1 lOO'^C at which nitride semiconductors can be grown and nitride semiconductors do not 
grow or are difficult to grow on the surface of the materials. 

(Nitride semiconducta substrate 304) 

[0167] For a nitride semiconductor substrate 304, for example, undoped GaN having a thickness of, for example, 
20 \in) is grown on the protective film 303 using MOVPE method. The nitride semiconductor substrate 304 may be 
grown using Halide Vapor Phase Epitaxy (HVPE) method as well as using MOVPE method in this way The nitride sem- 
iconductor substrate may be most preferably obtained by growing GaN without In or Al. It is most desirable to use TMG 
as well as organic gallium compounds such as triethylgalllum (TEG) as a gas for growth and to use ammonia or hydra- 
zine as nitrogen sources. Donor impurities such as Si and Ge may be doped to the QaN substrate so as to adjust the 
carrier density to the suitable range. In the case that the auxiliary substrate 301 . the underlying layer 302, and the pro- 
tective film 303 are eliminated, the nitride semiconductor substrate functions as a contact layer and therefore, donor 
impurities may be desirably doped to the nitride semiconductor substrate. 

(n-side buffer layer 31 1 = which also functions as a contact layer) 

[0168] The n-slde buffer layer 31 1 Is obtained, for example, by forming a 5 nm-thlck GaN doped with Si to 3 x 
lO^^/cm^ on the nitride semiconductor substrate 304. The buffer layer 31 1 functions as a contact layer for forming a n- 
electrode in the case of the fabrication of the light emitting device having a structure as shown in Fig. 9. In the case that 
the auxiliary substrate 301 to the protective film 303 are eliminated and the electrode is formed on the nitride semicon- 
ductor substrate 304. the n-side buffer layer can be omitted. The n-side buffer layer 31 1 is one which Is grown at high 
tenperature and is different from the buffer layer which is formed by growing QaN, AIN and the like to a thickness of 0.5 
Jim or less directly on the substrate of the material such as sapphire, SIC and spinel and which is different from the 
nitride semiconductor at a low temperature of 900"C or less. 

(Crack^jreventing layer 312) 

[0169] The crack-preventing layer 312 is formed by, for example, growing lno.06Qao.84N to a thickness of 0.15 ^m 
on the n-sKle buffer layer 31 1 . 
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(n^ide cladding layer 313 super lattice layer) 

[01 70] The n-side cladding layer 31 3 Is composed of a super lattice layer which is obtained by laminating alternately 
the 25-angstrom-thick first layer consisting of n-type Alo.i6Gao.84N doped with Si to 1 x 10^^/cm^ and the 25-angstrom- 
thick second layer consisting of undoped QaN. and has a total thickness of, for example, 1 .2 ^m. The n-side cladding 
layer 313 composed of a super lattice layer has an average Al composition of 8.0 % and the product of that and the film 
thickness equals 9.6. In the case that the n-side cladding layer 313 is composed of a super lattice layer obtained by lam- 
inating the nitride semiconductor layers which have different band gap energy from each other, more impurities may be 
doped to one layer, that Is, modulation-doping may be performed, so as to lower the threshold value. The composition 
and thickness of the n-side cladding layer 313 (a super lattice layer) will be described in detail bek)w. 

(n-side light waveguide layer 314) 

[0171] The n-side light waveguide layer 314 is made of undoped QaN and has a thickness of, for example, 0.1 jim. 
The n-side light waveguide layer functions as a light waveguide layer for the active layer. The n-side light waveguide 
layer Is desirably formed by growing GaN or InGaN to a thickness, usually ranging between 100 angstroms and 5 im, 
preferably ranging between 200 angstroms and 1 pm. 

(active layer 315) 

[0172] The active layer 315 Is made by alternately laminating a quantum well layer which is made of undoped 
Ino.2Qao.8N and has a thickness of 40 angstroms and a barrier layer made of undoped Ino oiGao.ggN and has a thick- 
ness of 100 angstroms, thereby forming a layer of multiple quantum well structure having a total thickness of, for exam- 
ple, 440 angstroms. The active layer 315 maybe undoped as in the present embodiment or may be doped with donor 
impurities and/or p-type impurities. In this case, either both or one of the quantum well layer and the barrier layer may 
be doped with the Impurity. 

(p-slde cap layer 316) 

[0173] The p-side cap layer 31 6 has band gap energy higher than that of the p-side light waveguide layer 31 7 which 
is formed thereon, and is made of p-type Alo,3Gao.7N doped with Mg in a concentration of 1 x 10^^/cm^ and has a thick- 
ness of. for example, 300 angstroms. The p-type cap layer 316 has a thickness of 0.1 ^m or lees so as to enhance the 
laser of the device. The lower limit of the film thickness is not specified, but the p-side cap layer 31 6 may desirably have 
a thickness of 10 angstroms or more. 

(p-side light waveguide layer 317) 

[01741 The p-side light waveguide layer 31 7 has band gap energy lower than that of the p-side cap layer 316. and 
is made of, for example, undoped GaN and has a thickness of 0.1 ^m. The p-side light waveguide layer functions as a 
light waveguide layer for the active layer and is desirably made of GaN or InOaN like the n-type light waveguide layer 
314. 

(p-side cladding layer 318) 

[0175] The p-side cladding layer 318 has a super lattice structure made by alternately laminating the third layer 
which is made of p-type Alo.iBGao.84N doped with Mg to 1 x 10^^/cm^ and has a thickness of 25 angstroms and the 
fourth layer which is made of undoped GaN and has a thickness of 25 angstroms. The p-side cladding layer 31 8 has an 
average AI composition of 8% and the product of the value and the film thickness equals 4.8. In the case that the p-side 
cladding layer 318 Is composed of a super lattice layer obtained by laminating the nitride semiconductor layers at least 
one of which includes a nitride semiconductor layer containing Al and which have different band gap energy from each 
other, more impurities may be doped to any one layer, that is. modulation-doping may be performed, so as to lower the 
threshold value. The composition and thickness of the p-side cladding layer 318 (a super lattice layer) will be described 
in detail below. 

[0176] Now, the thickness of the core part (waveguide part) which is sandwiched between the cladding layers will 
be described below. The core part is the area including the n-side light waveguide layer 314, active layer 315, p-slde 
cap layer 316 and the p-side light waveguide layer 317, that is, the nitride semiconductor layers including the active layer 
which are sandwiched between the n-side cladding layer and the p-side cladding layer and the area which waveguides 
the emitting from the active layer. In the case of the nitride semiconductor laser device, as mentioned above. FFP Is not 
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a single beam because the emission leaking via the cladding layer can be wave-guided within the n-side contact layer, 
resulting in multi'mode. Othenvise, the emission is resonated within the core part, resulting in multi-mode. According to 
the present invention, the n-side cladding layer has a large thickness and a large average A! composition in order to 
obtain the difference between the refractive Indices and to trap the emission from the core part within the cladding layer. 

5 However, if the multi-mode occurs within the core part, FFP is disturbed. Therefore, in order that the multi-mode does 
not occur within the core part, the thickness of the core part Is desirably adjusted, with, respect to the n^^side cladding 
layer. The thickness is desirably adjusted to the range from 200 angstrom to 1 .0 ^m. preferably from 500 angstroms to 
0.8 ^m, most preferably from 0.1 fim to 0.5 ^m, in order that the multi-node does not occur within the core part. If the 
thickness is below 200 angstroms, the emission leaks from the core part to increase the threshokl value. If the thickness 

10 Is above 1 .0 ^m, the multi-mode is likely to occur. 

(p-side contact layer 319) 

[01 77] The p-side contact layer 3 1 9 is made of, for example, p-type GaN doped with Mg to 2 x 1 0^%m^ and has a 
15 thickness of, for example, 150 angstrom. The p-side contact layer 319 can be made in a constitution of p-type 
InxAlyQavx-YNCO^X, O^Y, X+Y^ 1 ), as well as p-type GaN as mentioned above, and the preferable ohmic contact with 
the p electrode 321 can be obtained by using GaN doped with Mg, 

[0178] In the embodiment 4. the wafer on which each nitride semiconductor layer is formed is preferably annealed 
at TOO'^C within the nitrogen atmosphere in the reactor, so as to decrease the resistance of the layer doped with the p- 
20 type impurity 

[0179] In the laser device of the embodiment 4, the p-side contact layer 318 which Is a top layer, and the p-side 
cladding layer are etched with the RIE apparatus to form a ridge geometry having a stripe width of 4 ^m, as shown in 
Fig. 9. When the rkige stripe is formed, the ridge stripe is formed above the position of the surface of the nitride semi- 
conductor substrate 304 where the crystal defects do not appear. In Fig. 9, the crystal defects appear in the central part 

25 of the protective film 303 in the form of stripe and in the central part of the window in the form of stripe. Thus, when the 
stripe is formed at the point where almost no crystal defects are present, the crystal is prevented from developing to the 
active layer, with the result that the laser device can has a long lifetime and the reliability thereof can be enhanced. 
[0180] Further, a mask is formed on the ridge surface and the etching is performed with RIE to expose the surface 
of the n-side buffer layer 31 1 on both sides of the ridge. On the exposed surface of the n-side buffer layer 31 1 , the n 

30 electrode 322 made of Ti and Al is formed, respectively 

[0181] And on the outermost surface of the ridge of the p-side contact layer 319, the p electrode 320 made of Ni 
and Au is formed in the form of stripe. As shown in Fig. 9, the Insulating film 323 made of SIO2 is formed on the surface 
of the nitride semiconductor layer which is exposed between the p electrode 320 and the n electrode 322. The p-pad 
electrode 321 which Is electrically connected to the p electrode 320 is formed via the insulating film 323. 

35 [0182] The sapphire substrate of the wafer on which the n electrode and p electrode are formed in a manner as 
mentioned above is polished to a thickness of 70 ^m and cleaved into bars from the substrate, perpendicularly with 
respect to the stripe-shaped electrode to fabricate a resonator in which the cleaving facet functions as a reflective plane. 
A multi-layer dielectric film made of SiOa and Ti02 may be formed on the reflective plane. 
[0183] The laser device of the fourth embodiment is fabricated as described above. 

40 [0184] The laser device of the embodiment 4 fabricated as descibed above has as a light trapping layer the n-side 
cladding layer 313 and the p-side cladding layer 318 of a super lattice structure which have smaller refractive indices 
than the well layer of the active layer and include nitride semiconductor, respectively In the embodiment 4, the supper 
lattice layer means the multi-layer structure obtained by laminating nitride semiconductor layers which have a thickness 
of not more than 100 angstroms respectively and have a different composition from each other. The thickness of the 

45 layer which is laminated is preferably not more than 70 angstroms, and more preferably not more than 40 angstroms. 
To be concrete, for example, the super lattice layer may be made by laminating the layer made of AlxGa-].xN(0<X<1) 
and the other nitride semiconductor layer which has a different composition from the layer made of AlxGa^.xN, and by 
laminating the layer of the ternary mixed crystal and the layer of the ternary mixed crystal or the layer of the ternary 
mixed crystal and the layer of binary mixed crystal such as AlxQa^xN^aN, AlxQai.xN/AlYQai.YN(0<Y<l, Y<X), 

60 AlxGa^^xN /in2Gai.zN(0<Z<l) and so on. Thereamong, the most preferable super lattice layer is made of AlxGa-i.xN 
and GaN. 

[0185] Next, the total thickness of the n-side cladding layer 31 3 and the thickness and the composition of each layer 
which constitute the super lattice layer according to the embodiment 4 will be described. 

[0186] First, in these specifications, the Al average composition of the super lattice layer means that calculated as 
55 described below. For example, when the super lattice layer is made by laminating a 25-angstrom-thick AIq sGao.sN and 
a 25-angstrom-thlck GaN in 200 pairs (1 .0 ^m), the thickness of one pair is 50 angstroms and the mixing proportion of 
Al of the layer containing Al is 0.5. Using the value 0.25 obtained by multiplying the mixing ratio of Al of the layer con- 
taining Al, 0.5, by the film thickness ratio (25/50), the Al average composltk3n of the super lattice layer is 25%. 
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[0187] When the super lattice layer is made by laminating the layers having a different thickness, that is, by lami* 
nating a 40-angstrom-thick Alo.5Gao.5N and a 20-angstrom-thlck GaN. the weighed mean of the film thickness is calcu- 
lated to be 0.5 (40/60) « 0.33, and therefore, the Al average composition Is 33,3. That is. the mixing ratio of Al of the 
nitride semiconductor layer containing Al multiplied by the ratio of said nitride semiconductor layer to one pair of the 

5 super lattice layers equals the Al average composition in the present invention. When both layers contain Al, the Al aver- 
age corrposltion can be obtained in the same manner. For example, the super lattice layer is made by laminating a 20- 
angstrom-thlck Alo,iQao.8N and a 30-angstrom-thick Alo.gQao.sN, 0.1 (20/50) + 0.2 (30/50) = 0.16, that is, the Al aver- 
age composition is 16%. The example mentioned above refers to AIGaN/GaN and AIGaN/AIGaN and the same calcu- 
lation method can be applied to the case of AIQaN/lnGaN. And. the Al average composltton of the n-side cladding layer 

10 can be detected with an instrument for analysis such as SIMS (secondary ion mass spectrometer) and Auger electron 
spectrometer. 

[0188] In the embodiment 4, the composition and the film thickness of each layer which constitute the super lattice 
layer of the n-side cladding layer 313 is set on the basis of the Al average composition as calculated using the above- 
nrwntioned calculating method. TTie laser device according to the embodiment 4 is characterized In that the total iNck- 

15 ness of the n-side cladding layer 31 3 is not less than 0.5 jim and the Al average composition in % of the n-slde cladding 
layer 313 is set to be such that the product of the Al average composition (%) multiplied by the total thickness of the n- 
side cladding layer (fxm) is not less than 4.4. In other words, in the embodiment 4, the thickness and the Al average com- 
position of each layer constituting the super lattice layer are set to be such that the total thickness of the n-side cladding 
layer 313 is not less than 0.5 ^m and the product of said thickness multiplied by the Al average composltton in % as 

20 calculated in the above-mentioned way is not less than 4.4. 

[0189] When the total thickness of the n-side cladding layer 313 is less than 0.5 ^m and the product of said total 
thickness (urn) multiplied by the Al average composition (%) is less than 4.4. the light trapping effect of the n-side clad- 
ding layer is insufficient and the resonance occurs again In the n-side contact layer, with the result that the FFP is dis- 
turbed and the threshold value tends to Increase. The product of the Al average composition multiplied by the total 

25 thickness of the n-side cladding layer 313 is preferably not less than 5.0, more preferably not less than 5.4, most pref- 
erably not less than 7.0. 

[0190] According to the present invention, because of the n-side cladding layer 313 composed of a super lattice 
layer, even if the mixing ratio of Al is increased, the cracks can be difficult to develop in the cladding layer. Therefore, 
the upper limit of the total thickness of the n-side cladding layer 313 is not specified from the viewpoint of crystralinity 
30 (from the viewpoint in which the cracks are prevented from occurring), and however, it is desirable to control the thick- 
ness to be not nfx>re than 5 m^i so as to decrease the laminating times of the nitride semiconductor layers which consti- 
tute the super lattice layer. 

[0191 ] To be concrete, for example; the total thickness of said n-side cladding layer is set to be not less than 0.8 ^m 
and the Al average composition which Is contained in said n-side cladding layer is set to be not less than 5.5 %. In this 

35 case, the product is not less than 4.4. Preforabiy, the total thickness of said n-side cladding layer Is set to be not less 
than 1 .0 ^im and the Al average composition which is contained in said n-side cladding layer is set to be not less than 
5.0 %. In this case, the product is not less than 5.0. More preferably, the total thickness of said n-side cladding layer is 
set to be not less than 1 .2 \xn) and the Al average composition which is contained in said n-side cladding layer is set to 
be not less than 4.5 %. In this case, the product Is not less than 5.4. The examples mentioned above described con- 

40 cretely the relation between the thickness of the n-side cladding layer and the Al average composition of the n-side clad- 
ding layer made in super lattice structure. It is known that when the mixing ratio of Al in AlxGa^xN is Increased, the 
band gap energy increases and the refractive index decreases. Therefore, It is ideal and industrially convenient that the 
AlxQai,xN layer having a large mixing ratio of Al of, for example, not less than 0.5 is grown in a single layer of, for exam- 
ple, a few Jim, however, the AlxGa^xN layer is difffeult to be grown thickly. If the AlyGa^ .xN particularly having a mixing 

46 ratio of Al of not less than 0.5, is intended to be grown in a single layer, the cracks should develop in the crystal In the 
thickness of, for example, not less than 0.1 ^m. Thus, the AlxGai^xN layer having a mixing ratio of Al of not less than 
0.5 is difficult to be grown in a single layer having a thickness of, for example, a few ^m. 

[0192] However, according to the present invention, a thin film made of AlxGa^.xN is used to constitute a super lat- 
tice layer and the thickness of the single film is not more than the critical film thickness of AlxGa^-xN. therefore, the 
50 cracks being to develop. Therefore, when the cladding layer is composed of a super lattice layer, the layer having a high 
mixing ratio of Al and a large thickness can be grown. In the present invention, since the relation between the specific 
mixing ratio of Al and the thickness of the cladding layer coukl be found, the coni>ination thereof enables the light not 
to leak from the n-side cladding layer to the substrate side. 

[0193] When the n-side cladding layer is constituted as mentioned above to trap the emission from the active layer, 
55 the -side cladding layer may have the same constitution as that of the n-side cladding layer. When the p-side cladding 
layer 318 is constituted in the same manner as the n-side cladding layer 313. the thickness of the p-slde cladding layer 
is desirably smaller than that of the n-side cladding layer. Because, when the mixing ratio of Al or the thickness of the 
p-side cladding layer is large, the resistance of the AIGaN layer tends to increase with the result that the threshold value 
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tends to increase. Therefore, even if the p-side cladding layer is constituted of a super lattice layer induding the nitride 
semiconductor layer containing Al and the product of the thickness multiplied by the Al average composition is not less 
than 4.4, the thickness is desirably no more than 1 .0 jim. The lower limit is not specified but is desirably not less than 
60 angstroms in order to function as a cladding layer. In the case of the super lattice layer, the Al average composition 
is desirably not more than 50 %. Since the p-side cladding layer is shaped into a ridge and the electrode is installed 
thereon, the leakage of the light can be almost neglected and it is not necessary for the p-side cladding layer to have 
the same constitution as that of the n-side cladding layer 313. but the p-side cladding layer may have the same consti- 
tution as that of the n-side cladding layer. That is. the p-side cladding layer has a super lattice structure including the 
nitride semiconductor layer containing at least Al and has a total thickness of not more than 1 .0 urn. Moreover, the Al 
average composition in % contained In the p-slde cladding layer may be set to be such that the product of the total thick- 
ness (pm) of the p-skie cladding layer multiplied by the Al average composition (%) is not less than 4.4. 
[0194] When the p-slde cladding layer is composed of a super lattice layer Including the nitride semiconductor layer 
containing Al (in this case, the leakage of light is not concerned and the case in which the cladding layer functions only 
as a earner trapping layer is included), the total thickness of the n-side cladding layer is desirably larger than that of the 
p-side cladding layer The p-side cladding layer is composed of a super lattice layer made by laminating the nitride sem- 
iconductor layers in the same way as the n-side cladding layer, for example, by laminating the AlxQa^xN (0<X<1) layer 
and the other nitride semiconductor layer which has a different composition from said AlxQa^xN layer, or by laminating 
the layer made of ternary mixed crystal and the layer made of ternary mixed crystal or the layer made of ternary mixed 
crystal ant the layer made of binary mixed crystal such as AlxGai.xN/QaN, AlxQai-xN/AlyGai.YN (0<Y<1, Y<X), 
AlxQai.xN/Inz Gai.zN (0<Z<1) and so on. Thereamong. the most preferable super lattice layer is made of AlxGai.xN 
and GaN. 

[0195] The present invention will be described in detail in the Ibllowing examples. 
Examples 

[0196] The invention will be described in detail in the following examples. 
Example 1 

[0197] According to Example 1 of the Invention, nitrkJe semiconductor devices (LD devk;es}, as shown in Fig. 1 and 
2, can be labricated. The nitride semiconductor devices were fabricated as follows. 

[0198] First, a C-plane sapphire substrate 10 was set in the reactor and the inside atmosphere of the reactor was 
fully replaced with hydrogen. The temperature of the substrate was increased to 1050'C with hydrogen ftown in order 
to clean the substrate. 

[0199] Subsequently, the temperature was decreased to 51 O^'C. A first buffer layer 1 1 consisting of GaN was grown 
to a film thickness of about 200 angstrom using hydrogen as a carrier gas. ammonia and TMG (trimethylgallium) as a 
source of GaN. 

[0200] After growing the buffer layer, only TMG was stopped and the temperature was Increased to 1050**C. At 
105Q°C in the same way using ammonia and TMG (trimethylgallium) as a source of GaN, a 5 nm-thick second buffer 
layer 112 consisting of undoped GaN having a easier density of 1 x 10^ %m® was grown. 

[0201] Subsequently, a 1 ^m-thlck n-side contact layer 12 consisting of n-type GaN doped with Si to 1 x 10^®/cm^ 
was grown, using TMG and ammonia and silane gas (SiH4) as a source of Impurity at 1050**C. 
[0202] Next, the temperature was Increased to 800'*C. A 500-angstrom-thick crack-preventing layer consisting 
lno.1Gao.9N doped with Si to 5 x lo''^/cm^ was grown, using TMG, TMI (trimethylindium) and ammonia as source gases 
and silane gas as a source of Impurity. 

[0203] Then, the temperature was Increased to 1050°C and a 20-angstrom-thlck first layer consisting of n-type 
Alo.2Gao.8N doped with Si to 5 x 10^^/cm^ was grown, using TMA, TMG ,ammonla and silane gas. Subsequently, TMA 
and silane were stopped and a 20-ang8trom-thick second layer consisting of undoped GaN was grown. Then, each of 
these operations was repeated 100 times and a n-side cladding layer 1 4 of superlattices having a total thickness of 0.4 

nm was grown. 

[0204] Subsequently, a 0.1 Hm-thick n-skle light gukJe layer 15 consisting of n-type GaN doped with Si to 5 x 
W^^/cwP was grown at 1060**C. 

[0205] Next, an active layer 1 6 was grown using TMG, TMI, ammonia and silane. For the active layer 1 6, first, a 25- 
angstrom-thick well layer 25 consisting of Ihq 2Gao sN doped with Si to 8 x ^0^^/cm^ was grown at 800°C. Next, at the 
same temperature, a 50-angstrom-thick barrier layer consisting of lno.01Gao.99N doped with Si to 8 x l0^®/cm^ was 
grown, only by changing the molar ratio of TMI. This operation was repeated twice. Finally, the well layer was laminated 
and a multl-quantum-well-structure active layer 16 was grown with a total thickness of 175 angstroms. 
[0206] Next, the temperature was increased to 1050*C. A 300-angstrom-thick p-side cap layer 1 7 consisting of p- 
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type Alo.3Gao.7N doped with Mg to 1 x 1 0^O/cm^ was grown which had a greater band gap energy than the active layer, 
using TMG, TMA and ammonia as a source of AIGaN and Cp2Mg (cyclopentadienyl magnesium) as a source of impu- 
rity, 

10^7] Subsequently a 0.1 jim-thick p-slde light guide layer 18 consisting of p-type GaN doped with Mg to 1 x 
1 0 /cm was grown which had a smaller band gap energy than the p-side cap layer 1 7 at 1 0SO^C. 

Subsequently, a 20-angstrom-thfck first layer consisting of p-type Alo2Qao8N doped with Mg to 1 x 
10 /cm3 was grown, using TMA. TMQ. ammonia and Cp2Mg at lOSO^C. Subsequently TMG was stopped and a 20- 
angstrom-thick second layer consisting of p-type GaN doped with Mg to 1 x lO^^/cm^ was grown. Each of these oper- 
ations was repeated 100 times and a p-slde cladding layer 19 of superlattices with a total thickness of 0.4 was 
formed. 

[0209] Finally, a 1 50-angstrom-thlck p-side contact layer 20 consisting of p-GaN doped with Mg to 2 x 1 0^^/cm^ was 
grown on the p-side cladding layer 19 at 1050**C. 

[0210] After the reaction was completed, the temperature was decreased to room temperature. Additionally, the 
annealing was perfomied to the wafer at 700'C in nitrogen atmosphere within the reactor, so as to make the p-type layer 
less resistive. The annealing method disclosed in U.S. Patent 5,306.662 is employed in this Example. 
[021 1] After annealing, the wafer was removed from the reactor. As shown in Fig. 2. the top p-side contact layer 20 
and the p-side cladding layer 19 were etched with RIE apparatus to make them a ridge geometry having a stripe width 
of 4 fim. 

[021 2] Next, a mask was fbrmed on the surface of the rWge. As shown in Fig. 2. the surfaces of the n-side contact 
layer were exposed symmetrically respect to the stripe ridge. 

[021 3] Next, a p-electrode 21 consisting of Ni and Au was formed on the almost whole top surface of the stripe ridge 
of the p-side contact layer 20, while a n-electrode 23 consisting of Tl and A! was fbrmed on the almost whole surface of 
the stripe-geometry n-side contact layer. 

[0214] Next, as shown in Fig. 2, an insulating film 25 was formed on the surface of the nitride semiconductor layer 
exposed between p-electrode 21 and n electrode 23. A p-pad electrode 22 and an n-pad electrode 24 were formed 
which are electrically connected to the p-electrode via the insulating film 25. 

[021 5] TTie wafer on which the n-electrode and p-electrode were formed in the above-mentioned manner was trans- 
ferred to the polishing machine. The sapphire substrate on whose side the nitride semiconductor was not formed was 
lapped with a diamond abrasive to a substrate thickness of 50 ^m. After lapping, the surface of the substrate was further 
polished by 1 ^ with a finer abrasive, resulting in the mirror facet. 

[0216] After polishing the substrate, the polished facet was scribed and cleaved into bars perpendicularly respect 
to the stripe-geometry electrode to fabricate a facet of a resonator on the cleaving facet, A dielectric multi-layer film con- 
sisting SiOg and TiOg was formed on the facet of the resonator and finally, the bar was cut parallel to the p-electrode, 
resulting in laser chips. Next, the chips were set face-up (in the state that the substrate was faced to the heat sink) onto 
the heat sink and each electrode was connected by wire-bonding. TTie laser oscillation was tried at room temperature. 
The continuous emission at an emission wavelength of 405 nm was observed at the threshold current density of 2.9 
kA/cm^ and the threshokJ voltage of 4.4V at room temperature. The lifetime was 50 hours or longer. 

(Comparative Example 1) 

[021 7] With the same procedure as in Example 1 , the second buffer layer was not grown, the 5 ^im-thick n-side con- 
tact layer 12 only consisting of n-type GaN doped with Si to 1 x 10^^/cm^ was grown, the 0.4 lam-thick n-side cladding 
layer only consisting of n-type Alo.2Gao.8N doped with Si to 1 x 10^^/cm^ was grown, the 0.4 ^m-ti^ick p-sMe cladding 
layer 19 only consisting of p-type Alo.2Gao.8N doped with Mg to 1 x lO^^/cm^ was grown, and the 0.2 ^m-thick p-side 
contact layer 20 only consisting of p-type GaN doped with Mg to 2 x 10^°/cm^ was grown, so as to obtain laser devices. 
The basic construction was as shown In Fig. 1 . 



Table 1 



Substrate 


10 


sapphire 




Buffer layer 


11 


GaN 


200 A 


n-sMe contact layer 


12 


Si doped n-type GaN 
Si: 1 X lO^^/cm^ 


5 fxm 


Crack preventing layer 


13 


Si doped n-type Ing jGao gN 

Si:5x 10^ 


500 A 
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Ibble 1 (continued) 





n-side dadding layer 


14 


SI doDfid n-tvDe AU nGs^ M 
SI: 5 X 10^®cm3 


u.o jim 


5 


n-side optical waveguide layer 


15 


Si dODed n-tvoe GaN 

Si" 5 X 10''®/cm^ 

V^lo W ■'N IW /will 


n 1 iim 
U. 1 fUTI 




Active layer (MQW) (total thickness 175A) 


16 


Si dooed Inn oGan nN 


25 A 


10 






Si doped lno.01Gao.95N 
Si:8x 10''°cm® 


50 A 




Cap layer 


17 


Ma dooed o-tvoe AIn ^Gan oN 


300 A 


15 






Mg : 1 X lO^Ocm^ 




p-side optical waveguide layer 


18 


Mg doped p-type QaN 
Mg: 1 X lO^^cm^ 


0.1 |im 




p-side cladding layer 


19 


Mg doped p-type Alo.2Qao,8N 


0.5 \m 


20 






Mg: 1 X lO^^cm^ 






p-side contact layer 


20 


Mg doped p-type QaN 
Mg:2x102W 


0.2 nm 



26 [0218] For the laser devices of Comparative Example 1 constructed In this way the continuous emission was 
obtained at the threshold current density of TkA/cm^. However, the threshold voltage was 8.0V or higher and the emis- 
sion was observed for few minutes. 

Example 2 

30 

[0219] With the same procedure as in Example 1, for the n-side contact layer 12, a 30-angstrom-thick first layer 
consisting of n-type Alo.osQao 95N doped with Si to 2 x 1 0^^/cm'^ was grown and subsequently, a 30-angstrom-thick sec- 
ond layer consisting of undoped GaN was grown and these procedures were repeated, resulting in superlattices having 
a total thickness of 1 .2 ^m. The other constructions of the laser devices were the same as in Example 1 . The threshold 
35 cun-ent density was 27kA/cm^, the threshold voltage was 4.2V and the lifetime was 60 hours or longer. 

Example 3 

[0220] The laser devices were fabricated which had the same constructions as in Example 2. except for the n-side 
40 contact layer 12 composed of superlattices whose second layers consisted of GaN doped with Si to 1 x 1 0^®/cm^. The 
laser devices had almost similar properties to those of Example 2. 

Example 4 

45 [0221] The laser devices were fabricated which had the same constructions as in Example 1 , except that the 4 - 
thick second buffer layer 1 1 2 consisting of GaN doped with Si to 1 x 1 0^^/cm'^ was grown. The threshold current density 
was 2.9kA/cm^, the threshold voltage was 4.5V and the lifetime was 50 hours or longer. 

Example 5 

50 

[0222] With the same procedure as in Example 1 , tor the n-side contact layer 12, a 60-angstrom-thick first layer 
consisting of n-type Alo.2Gao.8N doped with SI to 2 x 10''^/cm3 was grown and subsequently, a 40-angstram-thick sec- 
ond layer consisting of GaN doped with Si to 1 x 1 0^^/cm^ of Si was grown and these procedures were repeated, result- 
ing In superlattices having a total thickness of 2 ^m. And the 0.4 nm-thick n-side cladding layer 14 consisting of only n- 
55 type AIq 2Gao sN doped with Si to 1 x 10''®/cm^ was grown. The other constructions of the laser devices were the same 
as those in Example 1. The threshold current density was 3.2kA/cm^, the threshold voltage was 4.8V and the lifetime 
was 30 hours or longer. 
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Example 6 

[0223] With the same procedure as in Example 1 . the following procedures (1 ) and (2) were changed. 

(1) After the growth of the buffer layer 11, only TMQ was stopped and the temperature was increased to 1050*C. 
At 1050°C. the 60-angstrom-thlck first layer consisting of n-type Alo.2Qao.8N doped with Si to 1 x lO'^^/cm^ was 
grown using TMA, TMQ, ammonia and silane as material gases and subsequently, silane and TMA were stopped 
and the eo-angstrom-thlck second layer consisting of undoped GaN was grown. The superlattices were con- 
structed in a manner of the first layer + the second layer + the first layer + the second layer + • • • . Five-hundreds 
first layers and five-hundred second layers were laminated by turns. The n-slde contact layer 12 of superlattices 
having a total thickness of 5 ^m was formed. 

(2) Next, the 500-angstrom thick-crack preventing layer 13 consisting of Ino.iQao 9N doped with Si to 5 x lO^^/cm^ 
was grown in the same manner as in Example 1 . 

'^^?ft 9^"^ ®* 1050^'C the 0.5 ^m-thick n-side cladding layer 14 consisting of n-type AIq 2C3ao sN doped with Si to 5 
X lO^S/cm^ was grown using TMA, TMG, ammonia and silane. 

[0225] TTie constructions above the n-side cladding layer were the same as those of the laser devices in Example 
1 . The laser devices of this example had the basic constructions as described in Table 1 . except that the n-side contact 
layer 12 and p-side cladding layer 19 were composed of superlattices and the p-side contact layer 20 had a thickness 
of 1 50 angstrom like Example 1 . The continuous emission at a wavelength of 405nm was observed at the threshold cur- 
rent density of 3.2kA/cm2 and the threshold voltage of 4.8V. The lifetime was 30 hours or longer. 
[0226] Further, in the case that the film thickness of the p-side contact layer of LDs according to Example 6 is 
changed gradually, the relatton between the film thickness of the p-side contact layer and the threshold voltage of the 
LDs is shown in Fig. 5. The figure shows the threshold voltages in the case the p-side contact layer has a thickness of 
less than 10 angstrom (A), 10 angstrom (B), C (30 angstrom), 150 angstrom (D: this example). 500 angstrom (E), 0.2 
^m (F), 0.5 ^m (Q) and 0.8 urn (H), in order from the left. As shown in this drawing, the threshokJ voltage tends to 
Increase gradually when the film thickness of the p-side contact layer is over 500 angstrom. The p-side contact layer 20 
preferably has a thickness of 500 angstrom or less, more preferably 300 angstrom or less. When the film thickness is 
10 angstrom or less (almost one atom layer or two atom layer), the surface of the p-side cladding layer 1 9 which is under 
the p-side contact layer Is exposed and therefore, the contact resistance of the p-electrode is bad, resulting in that the 
threshold voltage tends to increase. However, since LDs of the present invention had a superlattice layer, the threshoH 
voltage was much lower than that of the comparative examples. 

(Comparative Example 2) 

[0227] The laser devices having the construction as described in Table 1 were fabricated, except that n-slde clad- 
ding layer 1 4 was formed which was a multi-layer film having a total thickness of 0.6 nvr\, by growing the 1 80-angstrom- 
thick first layer consisting n-type AIo aGao.sN doped with Si to 1 x lO^^/cm^ and subsequently, growing the 120-ang- 
strom^hlck second layer consisting of undoped QaN. That is, the thickness of the first layer and second layer was 
increased and LDs were labrfoated. The continuous emission was observed at the threshold current density of 6.5 
kA/cm^ and the threshold voltage was 7.6 V The emission was observed for few minutes. 

Example 7 

[0228] "me laser devices having the same construction as in Example 6 were fabricated, except that the p-side 
cladding layer 19 had a superlattice structure with a total thickness of 0.5 ^m obtained by laminating the 60-angstrom- 
thick first layers consisting of Alo.aCSao.sN doped with Mg to 1 x 1 0^°/cm^ and the 40-angstrom-thick second layers con- 
sisting of p-type QaN doped with Mg to 1 x 1 0^O/cm^. That is, the thickness of the superlattice layer constructing the p- 
side cladding layer 19 of Example 7 was changed and the other constructions were the same as in Example 7. The 
threshold voltage increased a little, as compared with that in Example 6. The lifetime was 20 hours or longer. 

Example 8 

[0229] The laser devices having the same construction as in Example 7 were fabricated, except that the n-side 
cladding layer 19 had a superlattice structure with a total thickness of 0.5 n m obtained by laminating the eo-angstrom- 
thick first layers consisting of Alo,2C3ao sN doped with Si to 1 x 10^ ^/cm^ and the 40-angstrom-thick second layers con- 
sisting of n-type QaN doped with Si to 1 x lO^^/cm^. That is, the laser devices had superlattices as the n-slde cladding 
layer, in addition to the n-side contact layer and p-side cladding layer having a superlattice structure in Example 6. The 
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present laser devices had similar properties to those of Example 6. 
Example 9 

5 10230] With the same procedures as in Example 1 . the second Ixiffer layer 1 1 2 was not grown and the 5 jim-thick 
n-side contact layer consisting of n-type QaN doped with SI to 1 x lO^^/cm^ was grown directly on the first buffer layer 
1 1 . The other constructions were the same as those in Example 1 . That is, the laser devises had the basic constructions 
as described In Table 1 , except that the n-side cladding layer 1 4 had a superlatlice structure with a total thickness of 0.4 
\xm obtained by laminating the 20-angstrom-thick first layers consisting of n-type Alo,2Gao.8N doped with Si to 1 x 

TO 10^^/cm^ and the 20-angstrom-thick second layers consisting of undoped GaN. Further, the p-side cladding layer had 
a superlattice structure with a total thickness of 0.4 \Lm obtained by laminating the 20-angstrom-thlck first layers con- 
sisting of p-type Alo.gGao.sN doped with Mg to 1 x lo^^/cm^ and the 20-angstrom-thick second layers consisting of p- 
type QaN doped with Mg to 1 x lO^O/cm^. Additionally, the p-side contact layer 20 consisted of p-type GaN doped with 
Mg to 2 X lo20/cm^ and had a thickness of 15 angstrom. The continuous emission at a wavelength of 405 nm was 

IS obsen/ed at the threshok:l current density of 3.3kA/cm^ and the threshold voltage was 5.0V. The lifetime was 30 hours 
or longer. 

Example 10 

20 [0231 1 The laser devices were fabricated in the same manner as in Example 9. except that the second layer which 
constructed the superlattlces of the n-side cladding layer 14 consisted of GaN doped with Si to 1 x 10^^/cm^. That is» 
the laser devices were fabricated in the same manner as in Example 9. except that the layers having a larger band gap 
energy were doped with Si to more amount. The present laser devises had similar properties to those of Exanrple 9. 

£5 Example 11 

[0232] The laser devices were fabricated in the same manner as in Example 9, except that the second layer which 
constructed the n-side cladding layer 14 consisted of n-type Ino oiQao.ggN doped with Si to 1 x 10^ ^/cm^. That is, the 
laser devices were fabricated In the same manner as in Example 9, except that the second layer which composed the 
30 superlattlces of the n-side cladding layer 14 consisted of InGaN and had the same Impurity density as the first layer. 
The present laser devises had similar properties to those of Example 9. 

Example 12 

35 [0233] With the same procedures as in Example 9, the n-side dadding layer had a superlattice structure with a total 
thickness of 0.5 ^ composed of the 60-angstrom-thick first layers consisting Alo ^Gan sN doped with SI to 1 x 10''®/cm^ 
and the 40-angstrom-thick second layers consisting of GaN doped with Si to 1 x 10''^/cm^. Further, the p-side cladding 
layer 19 had a superlattice structure with a total thickness of 0.5|i composed of the 60-angstrom-thick first layers con- 
sisting Alo aGao.sN doped with Mg to 1 x 10^/cm^ and the 40-angslrom-thick second layers consisting of GaN doped 

40 with Mg to 1 X io^^/cm^. That is, the laser devices were fabricated In the same manner as in Exanple 9, except that 
the doped amounts in the first layers and the second layers composing then-side cladding layer 14 were equal to each 
other, the thickness of them was changed, and the thickness of the first layers and the second layers composing the p- 
skje cladding layer 1 9 was changed. The continuous emission at a wavelength of 405nm was observed at the threshokJ 
cunrent density of 3.4kA/cm^ and the threshold voltage was 5.2V. The lifetime was 20 hours or longer. 

46 

Example 13 

[0234] The laser devices having the same constructions as those in Example 1 1 were fabricated, except that the 
second layer composing the n-side cladding layer 14 consisted of QaN doped with Si to 1 x 10^^/cm^. The present laser 
so devices had the similar properties to those in Example 1 1 . 

Example 14 

[0235] The laser devices having the same constructions as those in Example 1 1 were fabricated, except that the 
55 second layer composing the n-side cladding layer 14 consisted of undoped GaN. The present laser devices had the 
similar properties to those in Example 1 1 . 
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Example 15 

[0236] Tlie laser devices were fabricated In the same manner as in Example 9, except that the 0.4^m-thick n-slde 
cladding layer 14 consisting of only n-type Alo gGao.aN doped with SI to 1 x lO^^/cm^ was grown. That is, the present 
laser devices had the basic constructions as described in table 1 , except that the p-side cladding layer 1 9 had a super- 
lattice structure with a total thickness of 0.4 nm composed of the 20-angBtrom-thick first layers consisting of p-type 
AI0.2Ga0.8N doped with Mg to 1 x lO^^/cm^ and the 20-angstrom-thick second layers consisting of p-type GaN doped 
with Mg to 1 X lo^^/cm^ and further, the p-slde contact layer 20 had a thickness of 150 angstroms and consisted of p- 
type GaN doped with Mg to 2 x lO^O/cm^ like Example 1 . The continuous emission at a wavelength of 405 nm was 
observed at the threshold current density of 3.4 kA/cm^. The threshold voltage was 5.1V and the lifetime was 20 hours 
or longer. 

Example 16 

[0237] The laser devices were fabricated in the same manner as in Example 15, except that the p-side cladding 
layer 19 had a superlattice structure with a total thickness of 0.5 ^m obtained by laminating the 60-angstrom-thick first 
layers (Alo ^Gao sN) and the 40-angstrom-thick second layers (GaN). The threshold voltage tended to rise a little. The 
lifetime was 20 hours or longer 

Example 17 

[0238] TTie laser devices were fabricated in the same manner as in Example 9, except that the 0.4 nm-thick p-side 
cladding layer 19 consisting of only p-type Alo.2Gao.8N doped with Mg to 1 x lO^^/cm^ was grown. That is, the present 
laser devkses had the basic constructions as described in table 1, except that the n-side cladding layer 14 had a super- 
lattice structure with a total thickness of 0.4 ^m composed of the 20-angstrom'thick first layers consisting of p-type 
AIq gGao.sN doped with SI to 1 x 10^ ^/cm^ and the 20-angstrom-thick second layers consisting of undoped GaN and 
further, the p-side contact layer 20 had a thickness of 1 50 angstrom and consisted of p-type GaN doped with Mg to 2 x 
lO^^/cm^ like Example 1. The continuous emission at a wavelength of 405 nm was observed at the threshold cun-ent 
density of 3.5 kA/cm^. The threshold voltage was 5.4V and the lifetime was 20 hours or longer. 

Example 18 

[0239] The laser devices were fabricated in the same manner as in Example 17, except that the n-side cladding 
layer 1 4 had a superlattice structure with a total thickness of 0.49 \im obtained by laminating the 70-angstrom-thick first 
layers consisting of AIq 2Qao.8N and the 40-angstrom-thick second layers consisting of Ino.oiQacggN doped with Si to 1 
X lO^^/cm^. The threshold voltage tended to rise a little, compared with that in Example 16. The lifetime was 10 hours 
or longer. 

Example 19 

[0240] The laser devices were fabricated in the same manner as in Example 17, except that the n-side cladding 
layer 14 had a superlattice structure with a total thickness of 0.5 ^im obtained by laminating the 60-angstrom-thick first 
layers consisting of AIq gQao sN and the 40-angstrom-thick second layers consisting of undoped GaN. The threshoW 
voltage tended to rise a little, compared with that in Example 17. The lifetime was 10 hours or longer 

Example 20 

[0241 1 With the same procedures as in Example 9. the n-side light waveguide layer 1 5 had a superlattice structure 
with a total thickness of 800 angstrom obtained by laminating the 20-angstrom-thick first layers consisting of undoped 
GaN and the 20-angstrom-thick second layers consisting of undoped Ino jGao.gN. In addition, the p-side light 
waveguide layer 18 also had a superlattice structure with a total thickness of 800 angstrom obtained by laminating the 
20-angstrom-thick first layers consisting of undoped GaN and the 20'ang8trom-thick second layers consisting of 
undoped lno.1Gao.9N. That is, the present laser devices had the basic constructions as described In table 1 , except that 
the n-side cladding layer 14, the n-slde light waveguide layer 15. the p-side light waveguide layer 18 and the p-side clad- 
ding layer 19 had a superlattice structure respectively and further, the p-side contact layer 20 had a thickness of 150 
angstrom and consisted of p-type GaN doped with Mg to 2 x 10^°/cm^ like Example 1 . The continuous emission at a 
wavelength of 405 nm was observed at the threshold current density of 2.9 kA/cm^. The threshold voltage was 4.4V and 
the lifetime was 60 hours or longer. 
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Example 21 

[0242] The present example will be described on the basis of LED devices as shown in Fig. 1 . With the same pro- 
cedures as in Example 1 , a 200'angstrom-thick buffer layer 2 consisting of GaN was grown on a sapphire substrate 1 , 
s and subsequently, a 5 jim-thick contact layer consisting of n-type GaN doped with Si to 1 x 1 0^ ^/crr? was grown. Next, 
a 30-angstrom-thick active layer 4 having a single quantum well structure and consisting of ln0.4Qa0.6N was grown. 

(p-side superlattice layer) 

10 [0243] Next, with the same procedures as In Example 1, a 20-angstrom-thlck first layer consisting of p-type 
Alo.2Qao.8N doped with Mg to 1 x lO^^/cm^ was grown, and subsequently, a 20-angstrom-thlck second layer consisting 
of p-type GaN doped with Mg to 1 x 10^ ^/cm^. And then, a p-side cladding layer 5 having a superlattice structure with 
a total thickness of 0.4 ^m was grown. The thiclgiess of the p-side cladding layer 4 is not limited to a particular value 
and preferably within the range of 100 angstrom to 2 ^im. nrrare preferably 500 angstrom to 1 ^im. 

IS [0244] Next, a 0.5 fim-thick p-type GaN layer doped with Mg to 1 x 1 was grown on the p-skJe cladding layer 
5. After the growth, the wafer was removed out of the reactor and the annealing was performed in the same manner as 
in Example 1 . Then, the etching was performed from the side of the p-side contact layer 6 to expose the surface of the 
n-side contact layer 3 on which a n-electrode 9 was to be formed. A 200-angstrom-thick p-electrode consisting of Ni-Au 
was formed on the almost whole surface of the top p-side contact layer 6. A p-pad electrode consisting of An was 

20 formed on the whole surface electrode 7. An-side electrode 9 consisting of Ti-AI was formed on the exposed surface of 
the n-contact layer. 

[0245] The wafer on which the electrodes were formed In the above-mentioned way were cut into chips which were 
350 by 350 ^m square to obtain LED devices. The green-emission at a wavelength of 520 nm was obsen^ed at If of 
20mA and Vf was 3.2V. On the contrary, LED devices having a p-side cladding layer 5 consisting of only Mg-doped 
2S Alo.2Gao.8N showed Vf of 3.4V. Moreover. The withstand static voltage of the present example was two times better. 

Example 22 

[0246] The LEDs were fabricated in the same manner as in Example 2 1 . except that the p-side cladding layer 5 had 
30 superlattlces with a total thickness of 0.25 \m obtained by laminating twenty-five 50-angstrom-thlck first layers and 
twenty-five 50-angstrom-thick second layers consisting GaN doped with Mg to 1 x lO^^/cm^. The LEDs had similar 
properties to those in Example 21. 

Example 23 

35 

[0247] The LEDs were fabricated in the same manner as in Example 2 1 . except that the p-side cladding layer 5 had 
superlattlces with a total thickness of 0.25 ^m obtained by laminating lOO-angstrom-thick first layers and 70-angstrom- 
thick second. Vf was 3.4V. but The withstand static voltage was superior to that of the conventional devices by 20 %. 

40 Example 24 

[0248] With the same procedures as in Example 21 , for growing the n-side contact layer 3, the 60-angstrom-thick 
first layer consisting of n-type AI0.2G0.8N doped with Si to 2 x lO^^/cm^ was grown and the 40-angstrom-thick second 
layer consisting of undoped GaN was grown, and five-hundred first layers and five-hundred second layers were lami- 
4$ nated by turns to obtain superlattlces with a total thickness of 5 pm. The LEDs were fabricated In which other construc- 
tions were the same as those In Example 12. Vf decreased to 3.1V at If of 20mA. The withstand static voltage was 2.5 
times better than that of the conventional LEDs. 

Example 25 

50 

[0249] The LEDs were fabricated in the same manner as in Example 23, except that the p-side cladding layer 5 was 
composed of superlattlces with a total thickness of 0.3 ^m obtained by laminating twenty-five 60-angstrom-thick first 
layers (Alo.2Gao.8N) and twenty-five 40-angstrom-thick second layers, by turns. Vf was 3.2V and The withstand static 
voltage was two times better than that of the conventional LEDs. 

55 

Example 26 

[0250] First, a 300 ^m-thick GaN layer doped with Si to 5 x 10^ ^/cm^ was grown on a sapphire substrate using 
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MOVPE method or HVPE method, and then the sapphire substrate was removed to f*ricate a Sl-doped QaN substrate 
101 having a thickness of 300 urn. The GaN substrate 101 was obtained by growing a nitride semiconductor layer to a 
thickness of 100 ^im or more on a substrate which is not a nitride semiconductor and by removing the substrate. The 
GaN substrate may be made of undoped GaN or n-type impurity -doped GaN. In the case of doping a n^type impurity 
the impurity was usually doped within the range of 1 x lo^^/cm^ to 1 x 10^^/cm^ to obtain a GaN substrate having a few 
defect. 

10251] After the fabrication of the GaN substrate 101, the temperature was adjusted to lOSO^C and a 3 Hm-thick 
third buffer layer 113 consisting of n-type GaN doped with SI to 3 x lO^^/cm^ was grown. The third buffer layer corre- 
sponds to the n-side contact layer 14 as shown in Figs. 1 and 2. However, an electixxJe is not on the buffer layer and 
thus, the third buffer layer 3 Is not referred to a contact layer. The first layer may be grown at a low temperature in the 
same manner as In Example 1 between the GaN substrate 101 and the third buffer layer 1 13 and if the first layer is 
grown, the thickness may be preferably 300 angstrom or less. 

[0252] The 500-angstrom-thick crack-preventing layer 13 consisting of In© iGao gN doped with Si to 5 x lO^^/cm^ 
of Si was grown on the third buffer layer 1 1 3 in the same manner as in exarrple 1 . 

[0253] Next, a n-side cladding layer was grown which was composed of superlattices with a total thickness of 0.4 
urn obtained by laminating 20-angstrom-thick first layers consisting of n-type Alo.2Gao sN doped with Si to 5 x lo^^/cm^ 
and 20-angstrom-thlck second layers consisting of GaN doped with Si to 5 x 10^^/cm^ by turns 100 times. 
[0254] Next, a 0.1 ^m-thick n-side light waveguide layer 15 consisting of n-type GaN doped with Si to 5 x 10^®/cm^ 
was grown In the same manner as in Example 1 . 

[0255] Next, a 25-angstrom-thick well layer consisting of undoped Ino 2Gao.8N was grown and a 50-angstrom-thick 
banrier layer consisting of undoped QaN was grown. They were grown by turns, respectively two times. And finally . a 
well layer was grown on the top, with the result that an active layer 16 having a multi-quantum-well-structure (MOW) with 
a total thickness of 175 angstroms was grown. 

[0256] Next, in the same manner as in Example 1 , a p-side cap layer 1 7 consisting of p-type AIq aGao 7N doped with 
Mg to 1 X lO^^/cm^ was grown to a thickness of 300 angstroms and a p-side light waveguide layer 18 consisting of p- 
type GaN doped with Mg to 1 x lO^O/cm^ was grown to a thickness of 0.1 jim. 

[0257] Next, in the same manner as In Example 1 . a p-side cladding layer 19 was formed which was composed of 
superlattices with a total thickness of 0.4 ^im obtained by laminating ao-angstrom-thick first layers consisting of p-type 
Alo.aGao sN doped with Mg to 1 x lO^^/cm^ of Mg and 20-angstrom-thick second layers consisting of p-type GaN doped 
with Mg to 1 X lO^^/cm^. And finally, a 1 50-angstrom-thick p-side contact layer 20 consisting of p-type GaN doped with 
Mg to 2 x 10^°/cm^ was grown on the p-side dadding layer 19. 

[0258] After the reaction was completed, the annealing at 700*»C was performed. Then, in the same manner as in 
Example 1, the top p-slde contact layer 20 and p-side cladding layer were etched into a rWge-geometry with a stripe 
width of 4 ^m with the RIE apparatus. 

[0259] Next, in the same manner as in Exanrple 1 , a p-electrode 21 consisting Nl and Au was formed on the almost 
whole surface of the stripe ridge of the p-side contact layer 20 and a n-eleclrode 23 consisting of Ti and Al was formed 
on the almost back surface of the GaN substrate 101. 

[0260] Next, as shown in Fig. 6, an Insulating layer 25 was formed on the p-side cladding layer 19 except for the p- 
electrode 21 and a p-pad electrode was formed which connected to the p-electrode 21 electrically via the insulating 
layer 25. 

[0261 ] After formation of the electrode, the QaN substrate 101 was cleaved into bars perpendicularly respect to the 
p-eiectrode 21 to fabricate facets of a resonator on the cleaved facet. The cleaved facet of the QaN substrate was M 
plane. A dielectric multi-layer film consisting Si02 and TiOa was formed on the cleaved facet and finally, the bar was cut 
parallel to the p-electrode, resulting in laser chips as shown in Fig. 6. Next, the chips were set face-up (in the state that 
the substrate was faced to the heat sink) onto the heat sink and the p-pad electrode 22 was connected by wire-bonding. 
The laser was tried at room temperature. The continuous emission at a wavelength of 405nm was observed at the 
threshold current density of 2.5kA/cm^ and the threshold voltage of 4.0V at room temperature. The lifetime was 500 
hours or longer. This results from usage of GaN substrate to reduce the number of threading dlsk>cations. 
[0262] The examples of the present invention will be described, optionally in connection with the following drawings. 
Fig. 4 is a perspective view showing the shape of the laser devices as shown in Fig. 3. 

Example 27 

[0263] A GaN substrate 1 00 was prepared by growing a single crystal consisting of GaN to a thickness of 50 ^im on 
a buffer layer consisting of QaN on a C-plane sapphire substrate. The QaN substrate 100 was set within the reactor and 
the temperature was increased to 1050**C. And using hydrogen as a canrier gas. ammonia and TMG (trimethylgallium) 
as a source of GaN and silane gas as a source of impurity, a 4 ^m-thick n-side buffer layer 1 1 consisting of GaN doped 
with SI to 1 X 10^®/cm® was grown on the GaN substrate 100. The buffer layer also acts as a contact layer for forming 
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the n-electrode when light emitting devices having a structure as shown in Fig. 3 are ftibricated. Further, the n-side 
buffer layer is that Is grown at a high temperature and is distinguished from a buffer layer having a thicl<ness of 0.5 nm 
or less which is grown at a low temperature of 900'*C or less directly on the substrate made of the material, such as 
sapphire. SIC and spinel, which is different from nitride semiconductors. 

(n-side cladding layer 14 » superlattice layer) 

' 3 a* OSO^'C , a 40-angstrom-thick first layer consisting of n-type AIq zGbq qN doped with Si to 1 

X 1 0 /crrP was grown using TMA (trimethylammonlum). TMQ, ammonia and silane gas. And theri, silane gas and TMA 
were stopped and a 40-angstrom-thick second layer consisting of undoped GaN was grown. A superlattice layer was 
constructed in a manner of the first layer + the second layer + the first layer + the second layer + • • • . One-hundred 
first layers and one-hundred second layers were laminated by turns. Thus, the n-sWe cladding layer 14 composed of 
superlattices having a total thickness of 0.8 was grown. 

(n-sMe light waveguide layer 15) 

[0265] Subsequently, silane gas was stopped and at 1050**C, a 0.1 ^m-thlck n-side light waveguide layer 15 con- 
sisting of undoped GaN was grown. The n-slde light waveguide layer acts as a light waveguide layer of an active layer 
and preferably, consists of GaN or InOaN and has a thickness of 100 angstroms to 5 ^m more preferably of 200 ang- 
stroms to 1 \im. This n-side light waveguide layer may be composed of undoped superlattices. In the case of the super- 
lattice layer, the band gap-energy is larger than that of the active layer and smaller than that of the n-cladding layer 
consisting of Alo.2Gao.8N. 

(active layer 16) 

[0266] Next, an active layer 1 6 was grown using TMG, TMI and ammonia as a source of InGaN, For the active layer 
16, the temperature was maintained at 800*C and a 25-angstrom-thick well layer consisting of undoped Ino gGao.sN 
was grown. Next, at the same temperature, the molar ratio of TMI was changed and a 50-angstrom-thlck barrier layer 
consisting of Ino oiGao gsN was grown. These operations were repeated two times. And finally, an well layer was lami- 
nated, with the result that an active layer having a multi -quantum-well (MQW) structure with a total thickness of 1 75 ang- 
stroms was grown. The active layer may be undoped tike in the present example, or doped with donor impurities and/or 
p-type Impurities. Both of the well layer and the ban-ier layer may be doped.with impurities or either of them may be 
doped. 

(p-side cap layer 17) 

[0267] Next, the temperature was Increased to 1050**C and a 300-angstrom-thick p-side cap layer consisting of p- 
type AIq sGaojN doped with Mg to 1 x lO^^/cm^ and having a larger band gap energy than the p-side light waveguide 
layer was grown using TMQ, TMA. ammonia and Cp2Mg (cyclopentadienyl magnesium). The p-side cap layer has a 
thickness of 0.1 ^m or less and the lower limit is not specified, but the thickness Is preferably 10 angstroms or more. 

(p-side light waveguide layer 18) 

[0268] Subsequently, Cp2Mg and TMA were stopped and at 1 050*»C. a 0. 1 jim-thlck p-side light waveguide layer 1 8 
consisting of undoped GaN and having a smaller band gap energy than the p-side cap layer was grown. The layer acts 
as a light waveguide layer of the active layer and preferably consists of GaN or InGaN, like the n-slde light waveguide 
layer 1 5. And the p-side light waveguide layer may be a superlattice layer consisting of a undoped nitride semiconductor 
or a nitride semiconductor doped with an Impurity. In the case of the superlattice layer, the band gap energy is larger 
than that of the well layer of the active layer and is smaller than that of the p-skJe cladding layer consisting of 
AI0.2Gao.8N- 

(p-side cladding layer) 

[0269] Subsequently, at 1 050**C, a 40-angstrom-thick third layer consisting of p-type Alo.aGao sN doped with Mg to 
1 X 1 0^^/cm^ was grown. Then, only TMA was stopped and a 40-angstrom'thlck fourth layer consisting of undoped GaN 
was grown. These operations were repeated, respectively 100 times to grow a p-skJe cladding layer 19 composed of 
superlattices with a total thickness of 0.8 ^m. 
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(p-side contact layer 20) 

[0270] Finally, at 1050*'C, a 150-angstrom^thick p-side contact layer 20 consisting of p-type QaN doped with Mg to 
2 X 1o20/cm3 was grown on the p-side cladding layer 19. "Rie p-side contact layer 20 may consist of p-type InxALQa^ 

5 x-yN (O^X. O^Y. X+Y^1 ). preferably GaN doped with Mg to 2 x lO^o/cm^ to obtain the most preferable ohmic contact 
to the p-electrode 21 . The p-side contact layer 20 was close to the p-slde cladding layer 1 9 having a superlattice struc- 
ture Including p-type AlyQai.yN and consists of a nitride semiconductor having a snfiall band gap energy and the thick- 
ness of the p-side contact layer 20 was as thin as 500 angstroms or less. Therefore, the carrier density of the p-side 
contact layer 20 was high and a good ohmic contact between the p-skJe contact layer and the p-electrode was achieved, 

10 with the result that the threshold cunrent and voltage of the devices decreased. 

[0271] The wafer on which the nitride semiconductors were grown In the above-mentioned manner was annealed 
at 700*'C within the nitrogen atmosphere in the reactor to make the layers doped with p-type impurities less resistive. 
The annealing method disclosed by US. Patent 5.306.662 is employed in this Example. 

[0272] After annealing, the wafer was renwed out of the reactor and as shown in Fig. 3, the top p-slde contact layer 
IS 20 and p-side cladding layer 1 9 were etched with RIE apparatus into a ridge geometry with a stripe width of 4 ^m. Thus, 
since the layers above the active layer were made to have a stripe ridge geometry, the emission from the active layer 
was focused under the stripe ridge and the threshold value decreased. Particularly, the layers above the p-side cladding 
layer 1 9 composed of superlattice layers are preferably made to have a ridge geometry 

[0273] Next, a mask was formed on the surface of the ridge and the etching was performed with a RIE apparatus 
20 until the n-side buffer layer was exposed. The exposed n-side buffer layer 1 1 also acts as a contact layer for forming a 
n-electrode 23. In Fig. 3, the n-side buffer layer 1 1 is shown as a contact layer. However, the etching can be performed 
until the GaN substrate 100 is exposed and the exposed C3aN substrate 100 can be a contact layer. 
[0274] Next, a stripe p-electrode 21 consisting of Ni and Au was formed on the top surface of the ridge of the p-side 
contact layer 20. The materials for the p-electrode 21 to obtain preferable ohmic contact to the p-side contact layer may 
25 include Ni. Pt, Pd, Ni/Au, Pt/Au. Pd/Au and so on. 

[0275] On the other hand, a stripe n-electrode 23 consisting of Ti and Au was formed on the exposed surface of n- 
side buffer layer 1 1. The materials for the n-electrode 23 to obtain preferable ohmte contact to the QaN substrate 100 
may include metals such as Al, Ti. W, Cu, Zn. Sn. In and the like or alloys thereof. 

[0276] Next, as shown in Fig, 3, an insulating layer 25 was formed on the surface of the exposed nitride semicon- 
30 ductors between the p-electrode and n-electrode 23. And a p-pad electrode 22 and n-pad electrode were formed which 
were connected to the p-electrode 21 electrically via the insulating layer 25. The p-pad electrode 22 enlarges the sub- 
stantial surface area of the p-electrode 21 to enable the wire-bonding or die-bonding of the p-electrode. On the other 
hand, the n-pad electrode 24 prevents the n-electrode 23 from coming off. 

[0277] The wafer on which the n-electrode and p-electrode were formed in the above-mentioned manner was is 
35 transferred to the polishing machine. The sapphire substrate on whose side the nitride semiconductor was not formed 
was lapped with an diamond abrasive to a substrate thickness of 70 \m. After lapping, the surface of the substrate was 
further polished by 1 ^m with a finer abrasive, resulting in the mirror facet and the whole surface was metallized with 
Au/Sn. 

[0278] Then, the Au/Sn side was scribed and cleaved into bars perpendicularly respect to the strip electrode to fab- 
40 ricate a resonator on the cleaved facet. A dielectric multi-layer film consisting Si02 and TiOa was fbrmed on the plane 
of the resonator and finally, the bar was cut parallel to the p-electrode» resulting in laser chips. Next, the chips were set 
face-up (in the state that the substrate was faced to the heat sink) onto the heat sink and each electrode was connected 
by wire-bonding. The laser was tried at room temperature. The continuous emission at a wavelength of 405nm was 
observed at the threshold current density of 2.0kA/cm^ and the threshold voltage of 4.0V at room temperature. The life- 
rs time was 1 00 hours or tonger. 

Example 28 

[0279] Fig. 7 is a sectional view showing the structure of the laser devices according to another example of the 
50 present invention. In this drawing, the devices which are cut in the perpendicular direction to the propagating direction 
of the emission are shown, like in Fig. 3. Example 28 will be described with reference to Fig. 7. In Fig. 7, Identical ref- 
erence numerals have been used to designate identical elements that are common to Fig. 3 and Fig. 4. 
[0280] A ISO-angstrom-thick single crystal consisting of GaN doped with SI to 5 x 10^ ^/cm^ was grown via the 
buffer layer consisting of GaN on the C-plane sapphire substrate, so as to obtain a GaN substrate 100. A n-side buffer 
56 layer 1 1 was grown on the QaN substrate in the same manner as In Example 27. 
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(Crack preventing layer 13} 

[0281 ] After the growth of the n-side buffer layer 1 1 . the temperature was adjusted to 800^0 and a 500-angstrom- 
thick crack preventing layer consisting of lno.1Gao.9N doped with Si to 5 x lO^^/cm^ was grown using TMG. TMI and 
ammonia as a source of InGaN and silane gas as a source of Si. The crack preventing layer 13 can be obtained by 
growing a nitride semiconductor containing In. preferably InGaN, and can prevent cracks in the nitride semiconductor 
layers containing Al. The crack preventing layer may preferably have a thickness ranging 100 angstroms and 0.5 jim. If 
the crack preventing layer has a thickness less than 100 angstroms, the layer Is hard to prevent cracks. If the layer has 
a thickness more than 0.5 |im, the crystal itself tends to change Into black. 

[0282] After the growth of the crack preventing layer 1 3, a n-side cladding layer 1 4 conposed of modulation-doped 
superlattices 14 and an undoped n-side light wavegukJe layer 15 were grown in the same manner as in Example 27. 

(n-sMe cap layer 20) 

[0283] Subsequently a 300-angstrom-thick n-side cap layer 20 consisting of n-type Alo.3Gao.7N doped with Si to 5 
X 10^®/cm^ and having a larger band gap energy than the n-side light waveguide layer 1 5 was grown using TMG, TMA, 
ammonia and silane gas. 

[0284] After this, with the same procedures as those in Example 27, a p-side cap layer 1 7, an undoped p-slde light 
wavegukle layer 18, a p-side cladding layer 19 composed modulation-doped superlattices and a p-side contact layer 20 
were grown. 

[0285] After the growth of nitride semiconductor layers, annealing was performed in the same manner to make the 
p-type impurities doped layers less resistive. After annealing, as shown in Fig. 7. the top p-side contact layer 20 and p- 
side cladding layer were etched into a ridge geometry with a stripe width of 4 urn. 

[0286] After forming a rWge, a stripe p-electrode 21 consisting of Ni/Au was formed on the top surface of the ridge 
of the P'Side contact layer 20. An Insulating layer 25 consisting of Si02 was formed on the surface of the top nitride sem- 
iconductor layer except for the p-electrode 21 . A p-pad electrode 22 was formed which was connected electrically to the 
p-electrode 21 via the insulating layer 25. 

[0287] The wafer on which the p-electrode was formed in the above-mentioned manner was transferred to the pol- 
ishing machine. The sapphire substrate was removed by polishing to expose the surface of the GaN substrate 100. An 
n-electrode 23 consisting of Ti/AI was formed on the almost whole surface of the exposed GaN substrate. 
[0288] After forming the electrodes, the GaN substrate was cleaved with respect to M-plane (which corresponds to 
a side plane of a hexagonal column in the case that the nitride semiconductor is represented according to a hexagonal 
system). The dielectric multilayers consisting of SiOg and TiOg were formed on the cleaved facet. The bar was cut par- 
allel to the p-electrode Into the laser chips. For these chips, a continuous emission at room temperature was obsen/ed. 
These devices had similar properties to those according to Exanple 27. 

Example 29 

[0289] With the same procedures as in Example 27. after growing the n-side buffer layer 11, a crack-preventing 
layer 13 was grown in the same manner as In Example 28. Next, a 0.4-^m-thick n-sWe cladding layer 14 composed of 
a single layer consisting of Alo.3Gao.7N doped with Si to 1 x 10^^/cm^ was grown on the crack preventing layer. The 
other constructions were the same as those in Example 27. For the fabricated laser devices, the laser was observed at 
room temperature and the lifetime was a little shorter than that of the laser devices in Example 27. 

Example 30 

[0290] The laser devices were fabricated in the same manner as in Example 27 except that the p-skie cladding 
layer 19 was formed by growing a 0.4-jim-thick single layer consisting of Alo.3Qao.7N doped with Mg to 1 x lO^O/cm^. 
The laser was obsen/ed at room temperature and the lifetime was a little shorter than that of the laser devices in Exam- 
ple 27. 

Example 31 

[0291] With the same procedures as in Example 27, instead of the n-side cladding layer 14 having a superlattice 
structure, a 0.4-jim-thick n-side cladding layer 14 consisting of Alo.aGao.sN doped with Si to 1 x 10^®/cm^ was grown. 
And Instead of the p-side cladding layer having a superlattice structure, a 0.4-^im-thick p-skJe cladding layer consisting 
of Alo.2Gao.8N doped with Mg to 1 x lO^^/cm^ was grown. The n-slde light waveguide layer 16 was composed of super- 
lattices with a total thickness of 0.1 2 nm obtained by laminating 30''angstrom-thick layers consisting of GaN doped with 
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Si to 1 X and 30-angstrom-thick layers consisting of undoped lno.01Gao.99N. The p-side light waveguide layer 

18 was conposed of superlattices with a total tiiickness of 0.12 obtained by laminating 30-angstrom-thick layers 
consisting of undoped ho oiGao ^gN and 30-angstrom-thick layers consisting of CSaN doped with Mg to 1 x 10^^/cm^ of 
Mg. The other constructions of the fabricated laser devices were the same as those in Example 27. The laser was 
5 obsen/ed at room temperature and the lifetime was a little shorter than that of the laser devices in Example 27. 

Example 32 

I0292J With the same procedures as In Example 27, the n-side buffer layer 1 1 was composed of superlattices with 
10 a total thickness of 1 .2 obtained by laminating 30^ngstrom-thick undoped QaN layers and SO-angstrom-thick layers 
consisting of AIq osGao.gsN doped with Si to 1x10''®/cm^. The layers above the n-side cladding layer were grown in the 
same manner as in Exanple 27 and the laser devices were fabricated. When the n-electrode was formed, the surface 
exposed by etching was positioned somewhere of the superlattices with a total thickness 1.2 ^m and the n-electrode 
was formed on the exposed superlattice layer. A continuous emission was observed and the threshold value was a little 
15 tower than that of the laser devices in Example 27. The lifetime was 1 000 hours or tonger. 

Example 33 

[0293] Rg. 8 is a sectional view showing the structure of the laser devices according to another example of the 
20 present invention. In this drawing, identical reference numerals have been used to designate Identical layers that are 
common to other drawings. Example 33 will be described with reference to Fig. 8. 

[0294] With the same procedures as in Example 27. a 200-angstrom-thick C3aN buffer layer (not shown) was grown 
on a (0001) C-ptane sapphire substrate 30 with 2-inch o.at 500°C and then, a 5 ^-thick undoped GaN layer 31 was 
grown at 1050**C. The thickness is not limited to 5 pm and may be preferably over the thickness of the buffer layer and 

S5 1 0 Jim or less. The material of the substrate may include sapphire, SiC, ZnO. spinel, or other materials which are differ- 
ent from nitride semiconductors and are known for growing nitride semiconductors such as GaAs. 
[0295] Next, after growing the undoped GaN layer 31 . the wafer was removed out of the reactor. A striped photo- 
mask was formed on the surface of the GaN layer 31 and with a CVD apparatus, 0. 1 -^m-thick SiOg protective film 32 
was patterned to form 20-^m-wide stripe windows with a periodicity of 5 ^m. Fig. 8 is a sectional view showing the par- 

30 tial structure of the wafer when cut perpendicularly to the longitudinal direction of the stripes. The examples of the mask 
pattern may include stripes, dots or checks and the reposed parts of the undoped QaN layer 31 , that is, the parts on 
which the mask was not toned (windows) may preferably have a smaller area than the mask, so as to grow a GaN sub- 
strate 100 with less crystal defects. The materials of the mask may Include oxides such as silicon oxide (S\0^, silicon 
nItrkJe (SixNIy). titanium oxide (TiOx) and zirconium oxide (ZrOJ, nitrides, or multi-layer film thereof, as well as metals 

35 having a melting point higher than 1200*C. These materials can stand at high temperatures ranging between 600*C 
and 1 lOO^C at which nitride semiconductors can be grown and nitride semiconductors do not grow or are diffksult to 
grow on the surfece of the materials. 

[0296] After forming the protective film 32. the wafer was set In the reactor again and a lO-^xm-thlck undoped GaN 
layer to be a GaN substrate 100 was grown at 1050°C. The preferable thickness of the GaN layer depends on the thlck- 

40 ness and the size of the protective film 32 and the GaN had a thickness enough to grow laterally (perpendicularly to the 
thickness direction) above the mask, so as to cover the surface of the protective film 32. In the case that the GaN sub- 
strate 100 was grown in a manner that a GaN layer was laterally grown on the surface of the protective film 32 on which 
nitride semiconductor were difficult to grow, initially, the GaN layer did not grow on the protective film 32 and grew selec- 
tively on the undoped GaN layer 31 in the window regions. In the case that the GaN layer was continued to grow, the 

45 QaN layer grew laterally and covered the protective film 32 and the GaN layers grown from the neighboring windows 
linked with each other, resulting in that the GaN layer was grown on the protective film 32. That is, the QaN layer was 
laterally grown on the GaN layer 31 via the protective film 32. Crystal defects in the GaN layer 31 grown on the sapphire 
substrate 30 and the number of crystal defects in the QaN substrates 100 grown on the protective film 32 were impor- 
tant. That is. extremely large number of crystal defects were caused in the nitride semiconductor layers grown on an 

so auxiliary substrate due to the lattice mismatch between the auxiliary substrate and the nitride semiconductors and the 
crystal defects threaded through the nitride semiconductors grown sequentially upward to the surface. On the other 
hand, in Example 33, The GaN substrate 100 grown laterally on the protective film 32 was not directly on an auxiliary 
substrate and was obtained in a manner that the GaN layer grown from the neighboring windows linked to each other 
during growing laterally on the protective film 32, Therefore, the number of crystal defects decreased extremely, com- 

55 pared with that In the semiconductor layers grown on an auxiliary substrate. Tlius, a mask was partially formed on the 
nitride semiconductor layer grown on an auxiliary substrate and a GaN layer was grown laterally on the mask, resulting 
in a QaN substrate having much less crystal defects than the QaN substrate according to Example 27. Actually, the 
number of the crystal defects In the undoped QaN layer was lO^^fcvri^ or more, while the number of crystal detects in 



Patent provided by Sugg^o Mion, PLLC - http://www.sughruexom 



EP1017113A1 



the QaN substrate according to Example 33 was lO^/cm^ or less. 

[0297] After forming a GaN substrate 1 00 In the above-mentioned manner, a 5-jim-thick n-side buffer layer, besides 
acting as a contact layer 1 1 , consisting of GaN doped with Si to 1 x 10^ ^/cm^ was grown on the QaN substrate in the 
same manner as in Example 27. And then, a 500-angstrom-thick crack preventing layer 13 consisting of Ino iQao 9N 
doped with Si to 5 x 1 0^^/cm^ was grown. The crack preventing layer 1 3 can be omitted. 

(n-side cladding layer 14 composed of superlattices having a highly doped center part) 

[0298] Next, a 20-angstrom-thlck undoped QaN layer was grown using TMQ and ammonia gas at 1050*C to form 
a second nitride the same temperature, adding TMA. a 5-angstrom-thick undoped Alo.1Qao.9N layer was grown and 
subsequently, adding sllane gas, a 20-angstrom-thick AIq iGao aN layer doped with Si to 1 x 10^^/cm^ was grown, then, 
stopping Si, a 5-angstrom-thick undoped Alo.1Gao.9N layer being grown to form a 30-^m-thick first nitride semiconduc- 
tor layer having a large band gap energy Thereafter, in the same manner, the second nitride semiconductor layers and 
the first nitride semiconductor layers were formed by turns repeatedly. In Example 33. one-hundred-twenty second lay- 
ers and one-hundred-twenty first layers were laminated by turns to form a n-slde cladding layer 14 of superlattices with 
a thickness of 6 mhi. 

[0299] Next, a n-side light waveguide layer 15, an active layer 16. a p-side cap layer 17, and a p-side light 
waveguide layer were grown sequentially in the same manner as In Example 27. 

(p-side cladding layer 19 composed of superlattices having a highly doped center part) 

[0300] Next, a 20-angstrom-thick undoped QaN layer was grown using TMQ and ammonia gas at 1050'C to form 
a fourth nitride semiconductor layer having a small band gap energy Next, at the same temperature, adding TMA, a 5- 
angstrom-thick undoped AIq iGao.gN layer was grown and subsequently, adding Cp2Mg. a 20-angstrom-thick 
Alo.1Gao.9N layer doped with Mg to 1 x lO^^/cm'^ was grown, then, stopping Cp2Mg, a 5-angstrom-thick undoped 
Alo.1Qao.9N layer being grown to form a 30-nm-thick third nitrkle semiconductor layer having a large band gap energy. 
Thereafter, in the same manner, the fourth nitride semiconductor layers and the third nitride semiconductor layers were 
formed by turns repeatedly In Example 33. one-hundred-twenty fourth layers and one-hundred-twenty third layers were 
laminated by turns to form a n-side cladding layer 19 of superlattices with a thickness of 6 urn. 
[0301 ] And finally, a p-side contact layer 20 was grown In the same manner as in Example 27 and then, the wafer 
was removed out of the reactor. The annealing was performed and the layers above the p-side cladding layer were 
etched into a stripe ridge geometry 

[0302] Next, as shown in Fig. 8, etching was performed symmetrically with respect to the ridge to expose the sur- 
face of the n-side buffer layer on which a n-electrode was to be formed and a n-electrode was formed. On the other 
hand, a stripe p-electrode was also formed on the top surface of the ridge of the p-skJe contact layer 20. Thereafter, in 
the same manner as in Example 27, laser devices were fabricated. The threshoW current density and voltage 
decreased by 10 %, compared to those in Example 27. The continuous emission at a wavelength of 405 nm was 
observed for 2000 hours or more. This was mainly because the enhancement of the crystal quality in the nitride semi- 
conductors due to the GaN substrate 100 having less crystal defects. In Fig. 8, in the case of the GaN substrate 100 
having a thickness of, for example, 80 \m or more, the layers between an auxiliary substrate 30 and the protective film 
32 can be omitted. 

Example 34 

[0303] With the same procedures as in Example 33, the n-side cladding layer was composed of superlattices with 
a total thickness of 0.6 ^m obtained by laminating 20-angstrom-thick undoped GaN layers and 20-angstrom-thlck 
Alo.1Qao.9N layers doped with Si to 1 x 10^^/cm^ instead of superlattices having a highly doped center part. 
[0304] On the other hand, the p-side cladding layer 1 9 was composed of superlattices with a total thickness of 0.6 
Jim obtained by laminating 20-angstrom-thick undoped QaN layers and 20-angstrom-thick Alo.1Gao.9N layers doped 
with Mg to 1 X 10^°/cm^ instead of superlattices having a highly doped center part. The other constructions were the 
same as those in Example 33. For the fabricated laser devices, the threshold value decreased a little and the lifetime 
was similarly 2000 hours or longer, compared to those of Example 33. 

Example 35 

[0305] With the same procedures as in Example 33, the n-side cladding layer 14 was composed of superlattices 
with a total thickness of 0.6 M-m obtained by laminating 25-angstrom-thick QaN layers doped with Si to 1 x 10^ ^/cm^ and 
25-angstrom-thjck undoped AIo.1Gao.9N layers respectively by turns. On the other hand, the p-side cladding layer 19 
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was composed of superlattices with a total thickness of 0.6 ^im obtained by laminating 25-angstrom- thick QaN layers 
doped with Mg to 1 x 1 0^^/cm^ and 25-ang8trom-thick undoped AIq.i Qao.dN layers respectively by turns. The other con- 
structions were the same as those in Example 33. The labrlcated laser dances had similar properties and lifetime to 
those of Example 33. 

Example 36 

[0306] With the same procedures as in Example 33, the n-side cladding layer 14 was composed of superlattices 
with a total thickness of 0.6 p.m obtained by laminating 25-angstrom-thick GaN layers doped with Si to 1 x lO^Vcm^ and 
25-angstrom-thjck Aio.1Qao.9N layers doped with SI to 1 x 1 0^^/cm^ respectively by turns. On the other hand, the p-side 
cladding layer 19 was composed of superlattices with a total thickness of 0.6 ^m obtained by laminating 25-angstrom- 
thick GaN layers doped with Mg to 1 x lO^O/cm^ and 25-angstrom-thick AIq iGao.gN layers doped with Mg to 1 x 
10^^/cm^ respectively by turns. The other constructions were the same as those In Example 33. The fabricated laser 
devtoes had similar properties and lifetime to those of Example 33. 

Example 37 

[0307] With the same procedures as in Example 33. the n-side cladding layer was composed of a 0.6 ^m-thick 
Alo.1C3ao.9N layer doped with Si to 1 x 10^®/cm^. instead of superlattices. On the other hand, the p-side cladding layer 
19 was composed of superlattices with a total thickness of 0.6 ^tm obtained by laminating 25-angstrom-thlck GaN layers 
doped with Mg to 1 x lO^O/cm^ and 25-angstrom-thjck Alo.1Gao.9N layers doped with Mg to 1 x 10^^/cm^ respectively 
by turns. The other constructions were the same as those in Example 33. For the fabricated laser devices, the threshoW 
values increased a little and the lifetime was similarly 1000 hours or longer, compared to those of Example 33. 

Example 38 

[0308] With the same procedures as in Example 33. the n-slde cladding layer and p-side cladding layer were nrnxJ- 
ulation-doped superlattices (in which the center part was not highly doped and the impurity density was almost even 
within the layer). And the n-side buffer layer 1 1 was composed of superlattices with a total thickness of 2 pm obtained, 
by laminating 50-angstrom-thjck Alo.05Qao.95N layers doped with SI to 1 x lO^^/cm^ and 50-angstrom-thick undoped 
QaN layers respectively by turns. The other constructions were the same as those in Example 33. For the fabricated 
laser devices, the threshokJ values decreased a little and the lifetime was 3000 hours or longer, compared to those of 
Example 33. 

Example 39 

[0309] With the same procedures as in Example 33, the n-side cladding layer 14 was composed of superlattices 
with a total thickness of 0.6 lum obtained by laminating 20-angstrom-thick undoped GaN layers and 20-angstrom-thick 
AI0.1Qao.9N layers doped with Si to 1 x 10^^/cm^ respectively by turns. The n-slde light waveguide layer 15 was com- 
posed of superlattices with a total thickness of 0.1 ^m obtained by laminating 25-angstrom-thlck QaN layers doped with 
Si to 1 X ^o^^/cr^P and 25-ang5trom-thick undoped Alo.05Gao.95N layers respectively by turns. 
[031 0] On the other hand, the p-side light waveguide layer was composed of superlattices with a total thickness of 
0.1 ^im obtained by laminating 25-angstrom-thick GaN layers doped with Mg to 1 x tO^^icm^ and 25-angstrom-thlck 
undoped Alo.05C3ao.95N layers respectively by turns. Next, the p-side cladding layer was composed of superlattices with 
a total thickness of 0.6 ^m obtained by laminating 20-angstrom-thlck undoped QaN and 20-angstrom-thlck Alo.1C3ao.9N 
layers doped with Mg to 1 x lO^^/cm^ respectively by turns. The other constructions were the same as those in Example 
33. For the fabricated laser devices, the threshold values decreased a little and the lifetime was 3000 hours or longer, 
compared to those of Example 33. 

Example 40 

[031 1 ] Example 40 provides laser devices fabricated using a GaN substrate like Exanrple 33. 

[031 2] That is, the laser devices according to Example 40 were fabricated by forming the following semiconductor 

layers on the QaN substrate 100 which was formed in the same manner as in Example. 

[031 3] First, a 2-jim-thick n-side contact layer (n-side second nitride semiconductor layer) consisting of n-type QaN 
doped Si to 1 X 10^ ^/cm^ or more was grown on the QaN substrate 100. This layer may be composed of superlattices 
consisting of undoped GaN and Si doped AlxGa^.^N (0<X£0.4). 

[0314] Next, after growing the n-slde contact layer, at 800«»C, using TMG, TMI, ammonia and silane gas in the nitro- 
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gen atmosphere, a 500*angstrom-thick crack preventing layer consisting of Ino iQao gN doped with Si to 5 x 10^^/cm^ 
was grown. The cracki^reventing layer consisted of n-type nItrkJe semiconductor containing In, preferably InGaN. so as 
to prevent the crack from threading the nitride semiconductor layers containing A! to be grown thereafter. The thk:kness 
of the crack preventing layer may preferably range between 1000 angstroms and 0.5 ^im. If the thickness is thinner than 
5 1 00 angstroms, the crack preventing layer is difficult to prevent cracks. If the thickness is thicker than 0.5 ^m, the crystal 
Itself tends to turn into black. 

[0315] Subsequently, at 1050°C, using TMA. TMG. ammonia and silane gas, a 40-angstrom-thick n-type 
Alo.2Gao .8N layer doped with Si to 1 x 10^^/cm^ and a 40-angstrom-thick undoped QaN layer were grown. One-hundred 
of tfiese layers were laminated respectively by turns to grow a n-slde cladding layer of superlattices with a total thick* 
10 ness of 0.8 jim. 

[0316] Subsequently a 0.1 ^m thick n-side light waveguide layer consisting of undoped Alo ogGao ggN was grown. 
This layer acts as a light waveguide layer to guide the waves of light emitted from the active layer and may be undoped 
or doped with n-type impurity. This layer may be composed of superlattices consisting of GaN and AIGaN. 
[031 7] Next, a 400-ang8trom-thick active layer consisting of undoped lno.01 C^ao.ggN was grown. 

15 [0318] Next, a 300-angstrom-thick p-side cap layer consisting of p-type Aio.2Gao.8N doped with Mg to 1 x 1 0'^^/cm^ 
and having a larger band gap energy than the p-side light waveguide layer to be formed thereafter was grown. 
[031 9] Next, a 0.1 ^m-thick n-side light waveguide layer consisting of Alo.01Gao.99N and having a smaller band gap 
energy than the p-side cap layer was grown. This layer acted as a waveguide for the active layer. The layer may be com- 
posed of superlattices consisting of nitride semiconductors. In the case that the p-side light wavegukie layer Is com- 

20 posed of superlattices. the band gap energy of the barrier layer having a larger band gap energy should larger than that 
of the active layer and smaller than that of the p-side cladding layer. 

[0320] Subsequently, a p-side cladding layer composed of superlattices with a total thickness of 0.8 ^m obtained 
by laminating 40-angstrom-thick p-type Alo.gGao.sN layers doped with l\1g to 1 x W^^/crrP and 40-angstrom-thick 
undoped GaN layers respectively by turns was grown. 

25 [0321] Finally a ISO-angstrom-thick p-side contact layer consisting of p-type GaN doped with Mg to 1 x 10^%m3 
was grown on the p-side cladding layer. Particularly in the case of laser devices, the p-slde contact layer consisting of 
nitrkle semiconductors having a small band gap energy is in contact with the p-side cladding layer of superlattices con- 
taining AIGaN and has a thickness of as thin as 500 angstroms or less. Therefore, the carrier density in the p-side con- 
tact layer is high and a good ohmic contact to the p-electrode is obtained, with the result that the threshold current and 

30 voltage tends to decrease. 

[0322] The wafer on which nitride semiconductors were grown in the above-mentioned manner was annealed at a 
given tenrrperature to make the p-type Impurity doped layers less resistive and removed out of the reactor. The top p- 
side contact layer and the p-side cladding layer were etched into a ridge geometry with a stripe width of 4 ^m. Thus, the 
layers above the active layer had a stripe ridge geometry and the emission from the active layer focused under the stripe 

35 ridge, with the result that the threshokl values decreased. Particularly, the layers above the p-side cladding layer of 
superlattices may preferably have a ridge geometry The annealing method disclosed by U.S. Patent 5,306,662 is 
employed in this Example. 

[0323] Next, a mask was formed on the surface of the ridge and the etching was performed with a RIE apparatus 
to expose the surface of the n-side contact layer, a stripe n-electrode consisting of Ti and Al being formed. On the other 
40 hand, a stripe p-electrode consisting of Ni and Au was formed on the top surface of the rkJge of the p-side contact layer. 
Examples of electrode materials to obtain a good ohmic contact to the p-type GaN layer may include NI, Pt, Pd, Ni/Au, 
Pt/Au, Pd/Au and so on. Examples of electrode materials to obtain a good ohmic contact to the n-type GaN may include 
metals such as Al. Ti, W, Cu, Zn, Sn or In and alloys thereof. 

[0324] Next, insulating layers consisting of Si02 were formed on the exposed surfaces of the nitride semiconductor 
45 layers between the p-electrode and the n-electrode and a p-pad electrode was formed which was connected with the 
p-etectrode electrically via the insulating layers. The p-electrode enlarged substantially the surface area of the p-elec- 
trode to enable wire-bonding and die-bonding of the p-electrode side. 

[0325] The wafer on which the n-electrode and p-electrode were formed In the above-mentioned manner is trans- 
ferred to the polishing machine. The sapphire substrate on whose side the nitride semiconductors were not formed was 

50 lapped with a diamond abrasive to a substrate thickness of 70 |im. After lapping, the surface of the substrate was further 
polished by 1 ^m with a finer abrasive, resulting in the mirror lacet and the whole surface was metallized with Au/Sn. 
[0326] Then, the Au/Sn side was scribed and cleaved into bars perpendicularly with respect to the stripe electrode 
to fcdt>ricate a facet of a resonator on the cleaved facet. A dielectric multi-layer film consisting Si02 and T1O2 was formed 
on the facet of the resonator and finally the bar was cut parallel to the p-electrode, resulting in laser chips. Next, the 

55 chips were set face-up (in the state that the substrate was faced to the heat sink) onto the heat sink and each electrode 
was connected by wire-bonding. The laser oscillation was tried at room temperature. The continuous emission at a 
wavelength of 368nm was observed at the threshokJ current density of 2.0kA/cm^ and the threshold voltage of 4.0V at 
room temperature. The lifetime was 1000 hours or longer. 
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Example 41 

[0327] The laser device In Example 41 and the following examples was fabricated on the basis of the embodiment 
4. The Example 41 will be described in connection with Fig. 9. 

(underlying layer 302) 

[0328] The auxiliary substrate 301 made of sapphire with 20-inch <I> and a C-plane was set in the MOVPE reactor 
and the temperature was set to be 600°C. A 200-angstrom- thick buffer layer (not shown) made of GaN was grown 
using trimethylgallium (TMG) and ammonia (NH3). After the growth of the buffer layer, the temperature was inaeased 
to lOSO^'C and a 4-^m•thick underlying layer 302 made of the same GaN was grown. 

(protective film 303) 

[0329] After the growth of the underlying layer 302, the wafer was removed out of the reactor and a stripe-shaped 
photomask was formed on the surface of the underlying layer. A 1 -^im-thick protective film 303 made of SIO2 was pat- 
terned to form 10-^m-wlde stripe windows with a periodicity of 2\xjm on the underlying layer 302 with a CVD apparatus. 

(nitride semiconductor substrate 304) 

[0330] After the growth of the protective film 303, the wafer was set again in the MOVPE reactor and the tempera- 
ture was set to be lOSO'^C. A 20-^m- thick nitride semiconductor substrate made of undoped GaN was grown using 
TMG and ammonia. On the surface of the resulting nitride semiconductor substrate, the crystal defects developed par- 
allel to the stripe-shaped protective film in the stripe center part of the protective film and in the stripe center part of the 
window. However, when the ridge of the laser device was formed later, the ridge stripe was formed not to be on the crys- 
tal defects, so as to prevent the developing of the crystal defects into the active layer and enhance the reliability of the 
device, 

(n-slde buffer layer 31 1 which also functions as a n-side contact layer) 

[0331 ] Next, a 5-pm-thick n-side buffer layer made of GaN doped with Si to 3 x 1 0^ ^/cm^ was grown on the second 
nitride semiconductor layer 4 using anfrnonia and TMG, and sllane gas as an impurity gas, 

(crack preventing layer 312) 

[0332] Next, a 0.15-jim-thick crack preventing layer 312 made of lno.i6Gao.84N was grown using TMG, TMI (trl- 
methylindium) and ammonia at 800*C. 

(n-slde cladding layer 313 = a super lattice layer) 

[0333] Subsequently, a 25-angstrom-thick first layer made of n-type AIq leOao wN doped with Si to 1 x 10''^/cm^ 
was grown using TMA, TMG, ammonia and silane gas at lOSO^'C. Successively, the silane gas and TMA was stopped 
and a 25-angstrom-thick second layer made of undoped GaN was grown. The first layer and the second layer may be 
laminated in the order of 1st, 2nd. 1st and so on, to constitute a super lattice layer, resulting in the n-slde cladding layer 
313 having a super lattice structure and a total thickness of 1 ,2\m. The n-slde cladding layer made in a super lattice 
structure had an Al average composition of 8.0% and the product thereof multiplied by the thickness was 9.6. 

(n-sMe light waveguide layer 314) 

[0334] Subsequently, the silane gas was stopped and a 0. 1 -^m-thick n-side light waveguide layer made of undoped 
GaN was grown at lOSO^'C. 

(active layer 315) 

[0335] Next, the active layer 314 was grown using TMG. TMI and ammonia. For the active layer, the temperature 
was maintained at 800*0 and a 40-angstrom-thick quantum well layer made of undoped lno.2Qao.8N was grown. Suc- 
cessively, only the ratio of TMI was changed and at the same temperature, a 100-angstrom -thick barrier layer made of 
undoped lno.01Oao.99N was grown. The quantum well layer and the bamer layer were laminated alternately so that a 
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barrier layer was the last one, resulting in the active layer having a multi-quantum-well structure and a total thickness of 
440 angstroms. 

(p-side cap layer 316) 

[0336] Next, the temperature was increased to 1050''C and a 300-angstrom-thick p-side cap layer 316 made of p- 
type Alo.sQao jN doped Mg to 1 x lo^^/cm'^ and has a larger band gap energy than the p-side light waveguide layer 317 
was grown using TMG, TMA, ammonia an Cp2Mg (cyclopentadienyl magnesium). 

(p-side light waveguide layer 317) 

[0337] Subsequently, Cp2Mg and TMA were stopped and a 0.1-^m-thicK p-slde light waveguide layer made of 
undoped QaN and having a smaller band gap energy than the p-slde cap layer 316 was grown at 1Q50°C. 

(p-side cladding layer 318) 

[0338] Subsequently, a 25-angstrom-thick third layer made of p-type Alo,i6gao,84N doped with Mg to 1 x lO^O/cm^ 
was grown at lOSO^'C. Successively, only TMQ was stopped and a 25-angstrom-thick fourth layer made of undoped 
GaN was grown, so as to obtain the p-skie cladding layer having a super lattice layer with a total thickness of O.e^m. 
The p-side cladding layer also had an Al average composition of 8% and the product thereof multiplied by the thk;kness 
was 4,8. 

(p-skie cladding layer 319) 

[0339] Subsequently, a 25-angstrom-thick third layer made of p-type AI0.i6Gao.e4N doped with Mg to 1 x lO^^/cm^ 
was grown at 1 050''C and successively, only TMA was stopped and a 25-angstrom- thick fourth layer made of undoped 
QaN was grown, so as to grow the p-side cladding layer 318 having a super lattice structure with a total thickness of 0.6 
^m. The p-side cladding layer had an average Al composition of 8% and the product thereof multiplied by the thickness 
was 4.8. 

(p-side contact layer 319) 

[0340] Finally a 150-angstrom- thick p-slde contact layer 318 made of p-type QaN doped with Mg to 2 x 10^°/cm^ 
was grown on the p-side cladding layer 318 at 1050''C. 

[0341] The wafer on which the nitride semiconductor was grown in the above-mentioned way was annealed in the 
nitrogen atmosphere within the reactor id decreased the resistance of the layer doped with a p-type impurity. 
[0342] After annealing, the wafer was removed out of the reactor and the p-skJe contact layer 318 which was the 
top layer and the p-slde cladding layer 317 were etched into a ridge having a stripe width of 4 nm, as shown in Fig. 9, 
with a RIE apparatus. When the ridge stripe was formed, said ridge was formed at the position where the crystal defects 
did not develop on the surface of the nItrkJe semiconductor substrate. 

[0343] Next, a mask was fbrmed on the rkige surface and the etching was performed to expose the surface of the 
n-side buffer layer 311. 

[0344] Next, the p electrode 320 made of Ni and Au was fbrmed in the form of stripe on the outermost surface of 
the ridge of the p-skJe contact layer 319, while the n electrode 322 made of Tl and Al was fbrmed in the form of stripe 
on the surface of the n-skie buffer layer 31 1 which had been Just exposed. Thereafter, as shown in Fig. 9, an insulating 
film 323 made of Si02 was formed on the surface of the nitride semiconductor layer which were exposed between the 
p electrode 320 and the n electrode 322. The p pad electrode 321 was formed which was electrically connected to the 
p electrode 320 via said insulating layer 323, 

[0345] The sapphire substrate of the wafer on which the n electrode and p electrode were fbrmed in the above- 
mentioned manner was polished to a thickness of 70^. and then the wafer was cleaved Into bars perpendicularly to the 
stripe-geometry electrode from the substrate side to fabricate a facet of a resonator on the cleaving facet. A multi-layer 
dielectric film consisting Si02 and Ti02 was fbrmed on the facet of the resonator and finally, the bar was cut parallel to 
the p-electrode. resulting in laser chips. 

[0346] The laser device was set onto the heat sink and each electrode was connected by wire-bonding. The laser 
oscillation was tried at room temperature. The continuous emission was observed at room temperature. The FFP of the 
single laser was uniform and the shape thereof was an oval, which was a good shape. Concerning the characteristics 
of the laser device, the threshold was decreased by not less than 1 0% and the lifetime was increased by not less than 
50%, compared with the laser devtee which we had published in Jpn. J. Appl. phys. Vol. 36 (1997). 
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Example 42 

[0347] With the same procedures as in Example 41 except that the n-side cladding layer 313 had a super lattice 
layer structure with a total thickness of 1.0 ^m which was obtained by laminating a 25-angstrom-thick Si-doped n-type 
Alo.2oGao.8oN and a 25-angstrom-thick undoped GaN, the laser device was labricated. The n-side cladding layer had 
an average Al composition of 10.0 % and the product thereof multiplied by the thickness was 10.0. The laser device had 
almost the same characteristics as that in Example 41 . 

Example 43 

[0348] With the same procedures as in Example 41 except that the n-side cladding layer 313 had a super lattice 
layer structure with a total thickness of 0.7 ^m which was obtained by laminating a 25-angstrom-thick Si-doped n-type 
Aio 2oGao.8oN and a 25^angstrom-thick undoped GaN, the laser device was fabricated. The n-side cladding layer had 
an average Al composition of 1 .0 % and the product thereof multiplied by the thickness was 7.0. The laser device had 
almost the same characteristics as that in Example 41 . 

Example 44 

[0349] With the same procedures as In Example 41 except that then-side cladding layer 313 had a super lattice 
layer structure with a total thickness of 0.8 ^m which was obtained by laminating a 25-angstrom-thick Si-doped n-type 
Aio .12Gao.88N and a 25-angstrom-thick undoped GaN, the laser device was fabricated. The n-side cladding layer had 
an average Al composition of 6.0 % and the product thereof multiplied by the thickness was 4.8. The threshold of saki 
laser device was decreased by not less than 5% and the lifetime was increased by not less than 20%, compared with 
the laser device which we had published In Jpn. J. Appt. phys. Vol. 36 (1 997} . 

Example 45 

[0350] With the same procedures as in Example 41 except that the n-side cladding layer 313 had a super lattice 
layer structure with a total thickness of 1 .4 ^im which was obtained by laminating a 25-angstrom'thlck Si-doped n-type 
Alo.07Qao.93N and a 25-angstrom-thick undoped GaN, the laser device was labricated. The n-side cladding layer had 
an average Al composition of 3.5 % and the product thereof multiplied by the thickness was 4,9. The laser device had 
almost the same characteristics as that In Example 41. 

Industrial Applicability 

[0351 ] As mentioned above, the nitrkJe semiconductor devices according to the present invention are composed of 
superlattice layers In the domain of the p-type nitrkle semiconductor or n-type nitride semiconductor except for the 
active layer, to improve the electric power efficiency extremely. 

[0352] That is. in the conventional nitride semiconductor devices, the active layer having a multi-quantum-well- 
structure has been proposed. However, the layer such as the cladding layer, which was on the either skie of the active 
layer, has been usually composed of a single nitride semiconductor layer. In the nitride semiconductor devices accord- 
ing to the present invention, the cladding layer or the contact layer injecting electric current is composed of superlattice 
layer which shows quantum effect to reduce the resistivity of the cladding layer side. Therefore, the threshold electric 
cun-ent and the threshold voltage of LD devices can be low and the lifetime thereof can be long. Moreover, the conven- 
tional LED has been weak to the static electricity, but the devices according to the present inventk>n can have a good 
electrical static discharge survivability Thus, since Vf and the threshold voltage can be low, the calorific value can be 
small and the reliability of the devices can be enhanced. The nitride semiconductor devices according to the present 
invention can be applied to emitting devices such as LED and LD, as well as solar cells using nitride semiconductors, 
light sensors, transistors and so on, to realize devices with very high efficiency and the industrial applicability is very 
wide. 

Claims 

1 . A nitride semiconductor device comprising a p-type semiconductor region comprising one or more nitride semicon- 
ductor layers and an active layer of a nitride semiconductor which operates in a predetermined manner when the 
canrier is injected via saki p-type semiconductor region, wherein at least one nitride semiconductor layer of said p- 
type semiconductor region is a super lattice layer comprising first and second nitrkle layers, said first nitride layers 
having different composition from those of said second nitride layers and each of said first nitride layers and each 
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of said second nitride layers being laminated alternately. 

2. A nitride semiconductor device comprising an n-type semiconductor region comprising one or more nitride semi- 
conductor layers, a p-type semiconductor region comprising one or more nitride semiconductor layers and an 

s active layer of a nitride semiconductor between positioned said n-type semiconductor region and said p-type sem- 
iconductor region, wherein at least one semiconductor layer of said p-type semiconductor region and said n-type 
semiconductor region is a super lattice layer comprising first and second nitride layers, said first nitride layers hav- 
ing different composition from those of said second nitride layers and each of said first nitride layers and each of 
said second nitride layers being laminated alternately. 

10 

3. A nitride semiconductor device according to Qaims 1 or 2, wherein each of said first nitride layers of said super 
lattice layer Is a nitride semiconductor having a thickness of not more than 100 angstroms and each of said second 
nitride layers is a nitride semiconductor having different composition from the first nitride layer and a thickness of 
not more than ICQ angstroms. 

15 

4. A nitride semiconductor device according to Claim 3, wherein at least ones of said first and said second nitride lay- 
ers are made of a nitride semiconductor containing Al. 

5. A nitrkJe semiconductor device according to Claim 4. wherein said nitride semiconductor containing Al is a nitride 
20 semiconductor represented by the formula AlyOa^Y'^ (0<Y^1). 

6. A nitrUe semiconductor device according to Claim 5, wherein said first nitride layers are made of nitride semicon- 
ductor represented by the formula InxGa^xN (0<xsi) and said second nitride layers are made of nitride semicon- 
ductor represented by the formula AlyQa^YN (0<Y^1 , X=Y^tO ). 

7. A nitride semiconductor device according to Claim 6 wherein said first nitride layers are made of nitride semicon- 
ductor represented by the formula InxGa^.x'^ (0<X^1) and said second nitride layers are made of nitride semicon- 
ductor represented by the formula AlvQai-vN (0<Y<1). 

30 8. A nitride semiconductor device according to any one of Claim 3 to Claim 6, wherein said first nitride layers and said 
second nitride layers have a thickness of not mare than 70 angstroms, respectively 

9. A nitride semiconductor device according to Claim 8 wherein said first nitride layers and said second nitride layers 
have a thickness of not less than 10 angstroms, respectively 

35 

10. A nitride semiconductor device according to any one of the preceding claims, further comprising in said p-type 
semiconductor region a p-type contact layer having a thickness of not more than 500 angstroms, on which the p- 
electrode is to be formed. 

40 11 . A nrtrkJe semiconductor device according to Claim 1 0 wherein saM p-type contact layer has a thickness of not more 
than 300 angstroms and not less than 10 angstroms. 

12. A nitride semiconductor device according to any one of the preceding claims, further comprising in said p-type 
semiconductor region a p-type contact layer on which the p-electrode is to be formed, wherein said super lattice 

45 layer is formed between said active layer and said p-type contact layer. 

1 3. A nitride semiconductor device according to any one of the preceding claims, further comprising in the n-type sem- 
iconductor region a second buffer layer made of a nitride semiconductor which has a thickness of not less than 0.1 
m via a first buffer layer on the substrate, an n-type contact layer made of a nitride semiconductor doped with an 

50 n-type Impurity on said second buffer layer, and an n-electrode which is formed on said n-type contact layer. 

14. A nitride semiconductor device according to Claim 13. wherein the concentration of the impurity in second buffer 
layer is lower than that in said n-type contact layer. 

55 15. A nitride semiconductor device according to Claims 1 3 or 14, wherein at least one of said first buffer layer and said 
second buffer layer Is a super lattice layer made by laminating nitride semiconductor layers of different corrposi- 
tions with a thickness of not more than 100 angstroms. 
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16. A nitride semiconductor device according to any one of Claim 2 to Claim 1 2, further comprising in said n-type sem- 
iconductor region an n-type contact layer on which an n-electrode is to be formed, wherein said super lattice layer 
is formed between said active layer and said n-type contact layer. 

5 17. A nitride semiconductor device according to any one of Claim 3 to Claim 1 6. wherein at least ones of said first and 
said second nitride layers are doped with an impurity which maizes the conductivity of said layer n-type or p-type. 

18. A nitride semiconductor device according to any one of Claim 3 to Claim 16, wherein the concentrations of said 
impurity which is doped to said first nitride layer and said second nitride layer and makes the conductivity of said 

10 layers n-type or p-type are different from each other. 

19. A nitride semiconductor device according to any one of Claim 3 to Claim 18, wherein said super lattice layer is 
formed as an n-type contact layer on which an n-electrode is to be formed. 

IS 20. A nitride semiconductor device according to any one of the preceding claims, wherein said nitride semiconductor 
device is a laser device which has a super lattice layer in the p-type semiconductor region and a ridge is formed on 
the supper lattice layer and on the layer located over said super lattice layer in said p-type semiconductor region In 
a manner that the tongltudlnal direction of the ridge coincides with the direction of resonance and the ridge has a 
predetermined width. 

20 

21. A nitride semiconductor device comprising an n-type semiconductor region including an n-type cladding layer, a p- 
type semiconductor region and an active layer In which laser Is emitted between said n-type semiconductor region 
and said p-type semiconductor region, 

wherein said n-type cladding layer is a super lattice layer comprising first and second nitride layers having a 
£5 thickness of not more than 100 angstroms, said first nitride layers having different composition from those of said 
second nitride layers and each of first nitride .layers and each of said nitride layers being laminated alternately, 

said p-type cladding layer is a super lattice layer comprising third and fourth nitride layers having a thickness 
of not more than 100 angstroms, said third nitride layers having different composition from those of said fourth 
30 nitride layers and each of third nitride layers and each of sakH fourth nitride layers being laminated alternately 

22. A nitride semiconductor device according to Claim 21 . wherein a ridge is formed on said p-type cladding layer and 
on the layer located over said p-type cladding layer in a manner that the longitudinal direction of the ridge coinci- 
dences with the direction of resonance and the ridge has a desired width. 

35 

23. A nitride semiconductor device comprising an n-type semiconductor region comprising one or more nitride semi- 
conductor layers, a p-type semiconductor region comprising one or more nitride semiconductor layers and an 
active layer of a nitride semiconductor between said n-type semiconductor region and said p-type semiconductor 
region. 

40 wherein at least one nitride semtoonductor layer in said n-type semiconductor region is an n-side super lat- 

tice comprising first and second nitride semiconductor layers, said first nitride semiconductor layers having different 
concentrations of n-type impurity from those of said second nitride semiconductor layers and each of said first 
nitrkJe semrconductor layers and each of sakJ second nitride semiconductor layers being laminated alternately. 

46 24. A nitride semiconductor device comprising an n-type semiconductor region comprising one or more nitride semi- 
conductor layers, a p-type semiconductor region comprising one or more nitride semiconductor layers and an 
active layer of a nitride semiconductor between said n-type semiconductor region and said p-type semiconductor 
region, 

wherein at least one nitride semiconductor layer in said p-type semiconductor region is a p-side super lattice 
so comprising third and fourth nitride layers, said third nitride semiconductor layers having different concentrations of 
p-type impurity from those of said fourth nitride semiconductor layers and each of said third nitrkie semiconductor 
layers and each of sakd fourth nitride semiconductor layers being laminated alternately 

25. A nitride semiconductor device comprising an n-type semiconductor region comprising one or more nitride seml- 
55 conductor layers, a p-type semiconductor region comprising one or more nitride semiconductor layers and an 
active layer of a nitride semiconductor between said n-type semiconductor region and said p-type semiconductor 
region, 

wherein at least one nitrkle semteonductor layer in said n-type semiconductor region is an n-sk:le super lat- 



Patent provided by Sug||j^o Mion, PLLC • http;//www.$ughrue.com 



EP 1017 113 A1 



tice comprising first and second nitride semiconductor layers, said first nitride semiconductor layers having different 
concentrations of n-type impurity from those of said second nitride semiconductor layers and each of said first 
nitride semiconductor layers and each of said second nitride semiconductor layers being laminated alternately, 

5 at least one nitride semiconductor layer in said p-type semiconductor region is a p*side super lattice comprising 

third and fourth nitride layers, said third nitride semiconductor layers having different concentrations of p-type 
impurity from those of said fourth nitride semiconductor layers and each of said third nitride semiconductor lay- 
ers and each of said fourth nitride semiconductor layers being laminated alternately. 

10 26. A nitride semiconductor device according to Claims 23 or 25, wherein for said n-side super lattice layer, said first 
nitride semiconductor layer has a higher band gap energy and a larger concentration of the n-type impurity than 
said second nitride semiconductor layer. 

27. A nitride semiconductor device according to Claim 26, wherein the part of said first nitride semiconductor layer 
IS which is close to said second nitride semiconductor layer has a lower concentration of the n-type Impurity than the 

part which Is farther from the second nitride semiconductor layer. 

28. A nitride semiconductor device according to Claim 26 or 27, wherein the concentration of the n-type impurity in said 
first nitride semiconductor layer ranges between 1 x 10^^/cm^ and 1 x 10^/cm^ and the concentration of the n-type 

20 impurity in said second nitride semiconductor layer is not more than 1 x lo''®/cm^. 

29. A nitride semiconductor device according to Claim 23 or 25, wherein for sakJ n-side super lattice layer, said first 
nitride semiconductor layer has a higher band gap energy and a smaller concentration of the n-type impurity than 
said second nitride semiconductor layer. 

25 

30. A nitride semiconductor device according to Claim 29, wherein the part of said second nitride semiconductor layer 
which is dose to said first nitride semiconductor layer has a lower concentration of the n-type impurity than the part 
which is farther from the first nitride semiconductor layer. 

30 31. A nitride semiconductor device according to Claims 29 or 30, wherein the concentration of the n-type impurity in 
said first nitride semiconductor layer is not more than 1 x 10^ ^/cm^ and the concentration of the n-type impurity in 
said second nitride semiconductor layer ranges between 1 x lO''^/cm^ and 1 x 10^^/cm^. 

32. A nitride semiconductor device according to any one of Claim 26 to Claim 31 , wherein said first nitride semiconduc- 
35 tor layers are made of AlvGavYl^ (0<Y<1) and said second nitride semiconductor layers are made of InxGai.xN 

(0SX<1). 

33. A nitride semiconductor device according to Claim 32 wherein said second nitride semiconductor layers are made 
of GaN. 

40 

34. A nitride semiconductor device according to any one of Claim 26 to Claim 31 , wherein said first nitride semiconduc- 
tor layers are made of AlxGai.xN (0<X<1) and said second nitride semiconductor layers are made of AlyOai-YN 
(0<Y<1,X>Y). 

46 35. A nitride semiconductor device according to any one of Claim 26 to Claim 34, wherein said first nitride semiconduc- 
tor layer or said second nitride semiconductor layer is not doped with an n-type impurity. 

36. A nKride semiconductor device according to Claims 24 or 25, wherein for said p-slde super lattice layer, said third 
nitride semiconductor layer has a higher band gap energy and a larger concentration of the p-type impurity than 

so said fourth nitride semiconductor layer. 

37. A nitride semiconductor device according to Claim 36, wherein the part of said third nitride semiconductor layer 
which Is close to said Iburth nitride semiconductor layer has a lower concentration of the p-type impurity than the 
part which is farther from the fourth nitride semiconductor layer. 

55 

38. A nitride semiconductor device according to Claim 33 or 34, wherein the concentration of the p-type impurity in said 
third nitride semiconductor layer ranges between 1 x 10^ ^/cm^ and 1 x lO^Vcm^ and the concentration of the p- 
type inrpurity in said fourth nitride semiconductor layer Is not more than 1 x 10^/cm^. 
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39. A nitride semiconductor device according to Claim 24 or 25, wherein for said p-side super lattice layer, said third 
nitride semiconductor layer has a higher band gap energy and a smaller concentration of the p-type impurity than 
said fourth nitride semiconductor layer. 

5 40, A nitride semiconductor device according to Claim 39, wherein the part of said fourth nitride semiconductor layer 
which is close to third nitride semiconductor layer has a lower concentration of the p-type impurity than the part 
which is farther from the third nitride semiconductor layer. 

41 . A nitride semiconductor device according to Claim 39 or 40, wherein the concentration of the p-type Impurity in said 
10 third nitride semiconductor layer Is not more than 1 x 10^^/cm^ and the concentration of the p-type impurity in said 

fourth nitride semiconductor layer ranges between 1 x 10^®/cm^ and 1 x lO^Vcm^. 

42. A nitride semiconductor device according to any one of Claim 36 to Claim 41 , wherein said third nitride semicon- 
ductor layers are made of AfyOavYN (0<Y<1) and said fourth nitride semiconductor layers are made of InxOa^.x*^ 

15 (0^X<1). 

43. A nitride semiconductor device according to Claim 42 wherein said fourth nitride semiconductor layers are made of 
GaN. 

20 44. A nitride semiconductor device according to any one of Claim 36 to Claim 41, wherein said third nitride semicon- 
ductor layers are made of AlxGa^.x^ (0<X<1) and said fourth nitride semiconductor layers are made of AlvQai.yN 
(0<Y<1.X>Y). 

45. A nitride semiconductor device according to any one of Claim 36 to Claim 44, wherein said third nitride semlcon- 
^ ductor layer or said fourth nitride semiconductor layer is not doped with an n-type innpurlty. 

46. A nitride semiconductor device according to Claim 25, wherein for said n-side super lattice layer, said first nitride 
semiconductor layer has a higher band gap energy and a larger concentration of the n-type impurity than said sec- 
ond nitride semiconductor layer, and 

30 

for said p-side super lattice layer, said third nitride semiconductor layer has a higher band gap energy and a 
larger concentration of the p-type impurity than said fourth nitride semiconductor layer. 

47. A nitride semiconductor device according to Claim 46, wherein the concentration of the n-type Impurity in said first 
35 nitride semiconductor layer ranges between 1 x 10^^/cm^ and 1 x lO^°/cm^ and the concentration of the n-type 

impurity in said second nitride semiconductor layer Is not more than 1 x iQi^/cm^, and 

the concentration of the p-type Impurity in said third nitride semiconductor layer ranges between 1 x 10^®/cm^ 
and 1 X lO^Vcm^ and the concentration of the p-type impurity In said fourth nitride semiconductor layer is not 
40 more than 1 x 10^°/cm^. 

48. A nitride semiconductor device according to Claim 25. wherein for said n-side super lattice layer, said first nitride 
semiconductor layer has a higher band gap energy and a larger concentration of the n-type impurity than said sec- 
ond nitride semiconductor layer, and 

45 

fourthe p-side super lattice layer, said third nitride semiconductor layer has a higher band gap energy and a 
smaller concentration of the p-type Impurity than said fourth nitride semiconductor layer. 

49. A nitride semiconductor device according to Claim 48, wherein the concentration of the n-type impurity in said first 
50 nitride semiconductor layer ranges between 1 x 10^^/cm^ and 1 x lO^O/cm^ and the concentration of the n-type 

impurity in said second nitride semiconductor layer is not nx>rethan 1 x 10^ ^/cm^, and 

the concentration of the p-type impurity in said third nitride semiconductor layer is not more than 1 x ^Q^^/c^^? 
and the concentration of the p-type Impurity in said fourth nitride semiconductor layer ranges between 1 x 

55 lO^^/cm^ and 1 x lO^Vcm^. 

50. A nitride semiconductor device according to Claim 25. wherein for said n-side super lattice layer, said first nitride 
semiconductor layer has a higher band gap energy and a snraller concentration of the n-type impurity than said 
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second nitride semiconductor layer, and 

for said p-side super lattice layer, said third nitride semiconductor layer has a higher band gap energy and a 
larger concentration of the p-type Impurity than said fourth nitride semiconductor layer. 

5 

51 . A nitride semiconductor device according to Claim 50, wherein the concentration of the n-type impurity in said first 
n'rtride semiconductor layer is not more than 1 x 10^ ^/cm^ and the concentration of the n-type Impurity in said sec- 
ond nitride semiconductor layer ranges between 1 x lO"" '^/cm^ and 1 x 10^^/cm^. and 

10 the concentration of the p-type impurity in said third nitride semiconductor layer ranges between 1 x 10^ ^/cm^ 

and 1 X lO^Vcm^ and the concentration of the p-type impurity in said fourth nitride semiconductor layer is not 
more than 1 xio^^/cm®. 

52. A nitride semiconductor device according to Claim 25, wherein for said n-side super lattice layer, said first nitride 
15 semiconductor layer has a higher band gap energy and a smaller concentration of the n-type Impurity than said 

second nitride semiconductor layer, and 

for said p-slde super lattice layer, said third nitride semiconductor layer has a higher band gap energy and a 
smaller concentration of the p-type impurity than said fourth nitride semiconductor layer. 

20 

53. A nitride semiconductor device according to Claim 52, wherein the concentration of the n-type impurity in said first 
nitride semiconductor layer is not more than 1 x 10^^/cm^ and the concentration of the n-type Impurity in said sec- 
ond nitride semiconduclor layer ranges between 1 x 10^^/cm^ and 1 x 10^/cm^. and 

25 the concentration of the p-type impurity in said third nitride semiconductor layer is not more than 1x11 0^°/cm^ 

and the concentration of the p-type impurity In said fourth nitride semiconductor layer ranges between 1 x 
10^8/cm3 ~ 1 X lO^Vcm^. 

54. A nitride semiconductor device according to any one of Claim 46 to Claim 53, wherein for said n-side super lattice 
30 layer, said first nitride semiconductor layers are made of AlyOai .yN (0<Y<1 ) and said second nitride semiconductor 

layers are made of InxGa^xN (0^X<1). and 

for said p-side super lattice layer, said third nitride semiconductor layers are made of AlyGai.YN (0<Y<1) and 
said fourth nitride semiconductor layers are made of inxGa^.xN (0^X<1). 

35 

55. A nitride semiconductor device according to any one of Claim 46 to Claim 53, wherein said second and fourth 
nitride semiconductor layers are made of GaN, respectively 

56. A nitride semiconductor device according to any one of Claim 46 to Claim 53, wherein for said n-side super lattice 
40 layer, said first nitride semiconductor layer is made of AIxQa^xN (0<X<1) and said second nitride semiconductor 

layer is made of AlyQai-YN (0<Y<1, X>Y), 

for said p-side super lattice layer, said third nitride semiconductor layer is made of AlxQa^xN (0<X<1) and said 
fourth nitride semiconductor layer is made of fidyGa-^.yH (0<Y<1, X>Y). 

45 

57- A nitride semiconductor device according to any one of Claim 46 to Claim 56. wherein said first nitride semiconduc- 
tor layer or said second nitride semiconductor layer Is an undoped layer to which an n-type impurity is not doped, 

68. A nitride semiconductor device according to any one of Claim 46 to Claim 56, wherein said third nitride semicon- 
50 ductor layer or said fourth nitride semiconductor layer is an undoped layer which is not doped with a p-type impurity 

59. A nitride semiconductor device according to any one of Claim 23 to Claim 58, wherein said active layer Includes a 
InOaN layer. 

55 60. A nitride semiconductor device according to Claim 59, wherein said InGaN layer is a quantum well layer, 

61 . A nitride semiconductor device according to any one of Claim 23 to Claim 60. wherein said device is a laser device 
comprising an active layer between a p-type cladding layer and an n-type cladding layer, and 
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at least one of said p-type cladding layer and said n-type cladding layer is said n-side super lattice layer or said 
p-side super lattice layer. 

62. A nitride semiconductor device according to Claim 61 , wherein said device is a laser device, and 

5 

an optical waveguide layer made of a nitride semiconductor containing In or GaN which has an impurity con- 
centration of not more than 1x1 O^^/cvrl^ which Is formed at least either between said p-type cladding layer and 
said active layer or between said p-type cladding layer and said active layer. 

10 63. A nitride semiconductor device according to Claim 62, wherein said optical waveguide layer has a super lattice 
structure. 

64. A nitride semiconductor device according to Claim 62 or 63, wherein further, a cap layer made of a nitride semicon- 
ductor which has a higher band gap energy than said well layer of said active layer and said optical waveguide layer 

15 and has a thickness of not more than 0. 1 .m is formed between said optical waveguide layer and said active layer, 
said cap layer containing an Impurity of not less than 1 x 10'' ^/cm^. 

65. A nitride semiconductor device according to Claim 64, wherein said optical waveguide layer and said cap layer are 
formed in the p-type semiconductor region. 

20 

66. A nitride semiconductor device comprising a nitride semiconductor substrate which is formed by growing a nitride 
semiconductor layer on an auxiliary substrate made of a material other than nitride semiconductor, forming a pro- 
tective film on said grown nitride semiconductor layer so as to expose partially the surface thereof, thereafter grow- 
ing a nitride semiconductor layer to cover said protective film from the exposed nitride semiconductor layer, and 

25 

a nitride semiconductor device according to any one of Claim 23 to Claim 65 which is formed on said nitride 
semiconductor substrate. 

67. A nitride semiconductor device according to any one of Claim 61 to 66, wherein said p-type cladding layer is a 
so super lattice layer and a ridge is formed on said p-type cladding layer and on the layer located over said p-type clad- 
ding layer in a manner that the longitudinal direction of the ridge coincides with the direction of resonance and the 
ridge has a predetermined width. 

68. A nitride semiconductor light emitting device comprising an n-type cladding layer, a p-type cladding layer and an 
35 active layer including a first nitride semiconductor layer containing In between said n-type cladding layer and said 

p-type cladding layer, wherein said n-type cladding layer is a super lattice layer comprising a second nitride semi- 
conductor layer containing A! and has a total thickness of not less than 0.5 .m and an average composition of Al in 
said n-type cladding layer is set in a way that the product of said average Al composition in % contained in said n- 
type cladding layer multiplied by the thickness In .m of said n-type cladding layer is not less than 4.4. 

40 

69. A nitride semiconductor light emitting device according to Claim 68, 

wherein said n-type cladding layer has a thickness of not less than 0.8 .m and an average Al composition of 
not less than 5.5 %. 

45 70* A nitride semiconductor light emitting according to Claim 68 wherein said n-type cladding layer has a thickness of 
not less than 1 .0 .m and an average Al composition of not less than 5 %. 

71. A nitrkJe semiconductor light emitting device according to Claim 68, 

wherein said n-type cladding layer has a thickness of not less than 1 .2 .m and an average Al conpositlon of 

so not less than 4.5 %. 

72. A nitride semiconductor light emitting device according to Claim 68, 

wherein said p-type cladding layer is a super lattice layer including a third nitride semiconductor layer con- 
taining Al and has a thickness smaller than sakil n-type cladding layer. 

55 

73. A nitride semiconductor light emitting device according to Claim 72, 

wherein said p-type cladding layer has a thickness of less than 1 .0 .m. 
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74. A nitride semiconductor light emitting device according to any one of Claim 68 to 73, 

wherein the thickness of said n-type cladding layer and said p-type cladding layer including said active layer 
is set to range between 200 angstroms and 1 .0 .m. 
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